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‘The thermal utilization ane is calculated in the diffusion approximation for a 
~ lattice of thick cylindrical fuel blocks, It is shown that when the lattice possesses 
sufficient symmetry (when similar blocks are located at the vertices of a hexagon, a 
square, or an equilateral triangle) the method of equivalent cells ts a sufficiently good 
' approxiination even if the blocks are very close together, The solutions are given in 
a forin such that nondiffusion corrections may be introduced, 


INTRODUCTION 


The thermal utilization coefficient in a heterogeneous nuclear reactor is given by the following ex- 
pression: 


ee the number of thermal neutrons absorbed in the blocks of a cell 
the nuinber of thermal neutrons absorbed in the whole cell 


The quantity © depends primarily on the geometry and the nuclear propertics of the fuel blocks and 
thermat neutron moderator; to a somewhat lesser de : on it depends on the way the epithermal neutron density 
varies from cell to cell (i.e., on the *Laplacian® «°) aid within a cell (on the relation between the cell di- 
mensions and the moderation length), For practical purposes, as has been slhiown by Galanin [1], in calculating 

© one may neglect both the macroscopic (from cell to cell) and the microscopic (wishin a cell) inhomogeneities 
in the epithermal neutron field. Both in the work of Galanin and In the earlier work of Pomeranchuk and 
Akhiezer, however, the blocks are assumed "filaincnt-like,® f.e., the thermal neutron field {n the blocks is 
considered symmetric, Actually, however, there occur cases in which the blocks occupy half the volume of the 
cell, This is particularly true for uranium-water lattices, although a tight lattice may occur also in a gas-cooled 
gtaphite uranium reactor if the block Is pierced by gas channels and therefore has a large diameter, The question 
therefore arises as to whether the "filament-like® block method or some similar "equivalent cell" method 
(Wigner-Seitz cet!) fs aan to lattices with thick blocks, when the neutron field in the region of the blocks 
may be asyinmetic, 


In the present work © {s calculated for a tight lattice on the assumption that the neutron field is described 
by a diffusion equation, The solution, however, {s given in a form which allows the Introduction of corrections 
for deviations from the diffusion approximation in the block and in its vicinity, It {s shown that for lattices 
possessing a high order of symmetry (for {instance when similar blocks are located at tie vertices of equilateral 
tlangles, L.e., for a triangular lattice) the corrections to the formula obtained by the “filament-like® block 
method or that obtained by the Wigner-Seitz cell method are extremely small even if the block volume Is 
greater than that of the moderator, 


1. Thermal Neutron Field in the Moderator and 8 


Let us assume that the neutron moderation density Is constant and numerically equal to the capture cross 


section per unit volume of the moderator £°, Then the thermal neutron flux (TF) in the moderator satisfies 
the diffusion equation . 
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(1.1) 
(1— 14) = 4, 


where L® = AS is the square of the diffusion length in the moderator, The solution to Equation (1,1) can 


be written 


where k Is the block number, @ is the angle between a given smectite and the vector k(T,) from the 
center of block k to the point F, and Ry fs the radius of block k. 


The coefficients ®n, k ate determined from the conditions at the block boundarfes, In order include 
these conditions, let us consider this solution In the nelghborhcod of block number 2 3 
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Let us expand this solution in a Fourler serfes Ia 9%; , using the expansfon formula for the Bessel function 


= D1, x 


X Kon (— 1)", 
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where {s the angle between the fixed direction and the vector Tk, 2° Inserting (4.1) into (3,1), 
we obtain 
Kn (p IL) 
+ (— 1)" x 


Let us perform the following replacemest of indices in the double sum overn and ms 
—m, 


Noting that the functions +, and Ky depen ecly on the absolute value of thelr index, we obtain the following - 
Fourier series for (Py 


%, @,) =2 {8(n)+9,, 


+(—1)°2, 


/ 
(3.1) 
- i 
. = .1) 
j 
| 


If within the block the neutron field is described by the diffusion equation 
(1— 9, =0, 
then this field can be written 


2 ene (p,/Lit) Cas (8.1) 


It follows from this that the value of the radial logarithmic derivative of the n-th Fourler component of 
the neutron field, evaluated at the boundary, is a constant of the block, and {s independent of the fleld outside 
of it: 


din 
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w 
But from the continuity of @ and the diffusion flux x ° z it follows that the internal and external 


(in the moderator) logarithmic derivatives are related by 


Equation (10,1) may be considered the boundary condidion necessary for the solution of (1,1), to that by © 
changing the expression for the coefficient y; 9 we may take account of deviations from diffusion theory 
within the block and in its vicinity, We shall ‘therefore go on to a solution of the problem without using the 
explicit expressions for the coefficients % n° Equations (6,1) and (10.1) may be used to obtain a system of 
equations for le 


(10.1) 


(11.1) 


In these equations the index n takes on all values from —o@ to +, and the Index 2 takes on as many 
values as there are dissimilar (with respect to properties and positions) rods in the cell, Setting @_ y = 0 for 


n> N, t.e., “cutting off” this infinite set of equations, we can calculate %p y and then calculate the neuiron 
absorption in an arbitrary rod, In fact, the neutron flux see on the f -th rod fs 


In=R, =14+%,+ 
Km / 
+ 1,(R,/L) Ry nel, (13.1) 


If the slowing -down area {n a cell fs V, then according to the normalization taken for Equation (1.1), the 
total number of neutrons absorbed in the cell ls E°V, Therefore, the fraction of neutrons absorbed in the 2 -th 


rod is given by 
t 


and the thermal utilization factor, according to Equations (12,1) and (14.1), is 


where the sum {fs taken over all the blocks of the cell, 


Equations (11.1), (13.1), and (15.1) give the solution to the problem in general form, and the coefficients 
Vi,n can be calculated by Equation (10.1); if, on the other hand, the neutron field within the blocks and in 
their vicinity {s found other than by the + enaten approximation, the coefficients yz _ can be suitably corrected 
(see Section 3), 


2. Lattice of Similar (*Simple* Lattice) 


If all the blocks are similar and equally spaced, f.e,, each elementary cell contains only one block, then 
Equations (11.1) reduce to 


+ [1— s,(F)] x 
(a, + B,® = 0, 
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Instead of (13.1), we obtain 


(14.1) 

(1.2) 


Let us introduce the notation 


Then Equations (1.2) and (3.2) give 


t+ [1-4 ] +80) =0, 
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(the argument R/L of the functions X, Ky, Ig, 1, 1s omitted), 
From Equations (2,2), (4.2), and (15.1) we obtain an expression for Oz 


or after some simple transformations 
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Ce). 


In Expression (6,2) the quantity S§ fs as yet undetermined, Equations (1.2) give (for n + 0) 
7 


whence, according to the notation of (3.2), 


where 
whence 
2nL? 


The coefficients gn decrease rapidly as jn] increases, since the first term in the serfes 5 expaston of 
in powers of R/L ts 


We can therefore write series of the following form 
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The terms omitted in (10,2) contain the radius of the block to the sixth power and higher, In actuality, 


symmetry considerations show that some of the sums Sp vanish, which usually causes the term following S_ to 
give only a small correction to S. 


Let us assume, fox instance, that the lattice possesses central symmetry (the blocks are located at the 
vertices of a parallelogram), Then all the blocks with k # 0 can be divided into two sets ky and kg such 


that when the set ky is rotated through an angle x, the blocks fn ft become coincident with those of set kg. 
Theo 


S, = K (7,/ L) + 
= (1+ 2 


and all S, with odd n vanish, If - — are located at the vertices of a hexagon, then the Isttice {s trans- 
formed into ftself by a rotation of = We then obtain 


2a 


and Sp # 0 only ifn fs divisible by three, For a square lattice, nonvanishing Sq have n divisible by 4; for 


a triangular lattice, n divisible by 6, If we take account of the lattice a then (7.2) and (8,2) may 
be replaced by 


DX 
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where p {s the order of symmetry of the lattice (p = 2, 3, 4, 6). Then (10.2) becomes 


S_2» + 25,5,,5_,) 4 eee (13.2) 


The terms omitted from (13.2) contain the block radius to the power 6p, which means at least to the 
twelfth power, The lattice symmetry also determines the nonzero values of S, to some extent, In fact, if 
the lattice has an axis of symmetry, it fs conventent to consider the — with respect to this axis, Then 


= a K, 2cosnd,, 


from which it follows that S, = S_,. Thus, when p > 2 (hexagonal, square, and triangular lattices), as well as 
' fox a rectangular or a rhombic lattice, for which p = 2, we have 


So = -+ 26,55 + 28355 (Se + + 
+ + 
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Let us now calculate the correction S§-S_ which fs related to the asymmetry of the field at the block 
surface, For large indices the function Kp decreases rapidly as its argument increases (for arguments 


2. 
that are not large, A, ) * Therefore 


where a {s the lattice spacing (the distance between the axes of closest blocks), 
We thus obtain, with the expressions for S, and gp, 


The coeffictent Bp 1s of order of magnitude unity, In fact, for large indices and small arguments 


In’ p. In’ K, —p. 


Expressions (10.1) and (1.1) give 


1+... 


and since usually Lg ATA ag << 1, the coefficient Bpw i Since the lattice spacing cannot be smaller 
than two block radif, an evaluation of the coirection from Equation (15,2) gives © 


Sle (17.2) 
For a triangular lattice this correction {s 1.5°10%, for a square one it fs 1.5°107*, and for a hexagonal 
it is 4.7*107*, Since the denominator of (6.2) and I, are almost 1 for small values of R/L, a variation of 
1-96 
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Sj by an amount causes 


to vary by an amount 


Thus the *filament-like™ block method, in which each block {s a source (or more accurately, a sink) of 
the symmetic field, gives a very good approximation even for a hexagonal lattice, It should be noted that the 
maximum error due to the use of this method fs of the same order as that due to the use of the “equivalent ceil® 
method, In fact comparison of the sums Sq for various lattices with equal cell areas shows that they — 
extremely slightly from each other and are slmost equal to the ratio 


K,(Re¢L) 
* (19.2) 


where R, is the radius of the equivalent (with respect to area) circular cell. For a triangular lattice So, differs” 
from S only in the third place, and the pércent error involved in replacing Sea by Sg becomes greater than 
1% only if > 3, For a square lattice, when Ry /L we have 


0.01. 
and for larger values of R,/L, this difference decreases, For a hexagonal lattice, when Re/L < 0A, 


and then decreases, But If Sj is replaced by S from (19.2) in Equation (6,2), it becomes the weli khown formula 
for an equivalent cell [2], Thus, the error due to use of the “equivalent cell® method fs given by (18,2), For 
a square lattice with thin blocks, &S s 0.01. and for a hexagonal lattice with thin blocks 6S m0.07, For the 


case of thicknest possible blocks (R= a/2) the error oe in a hexagonal lattice and decreases by the same - 
order in a square one, 


Let us note that the appeonimation (19.2) for the sums Sq can be easily explained, For this purpose, let 
us consider the function 


which {Is perfodic and therefore {s maximal at the cell boundaries, If we deform these boundaries to circles, 
we can approximate the function z(t) by a symmetric one which satisfies the same equation, has the same 


singularity, and is maximal at the boundary, This will obviously be a linear combination of the Bessel functions 
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Where the constant A {s determined from tne condition that the function 1s maxinum when = 


Equations (20.2) and (21.2) give 
1-98 
Ss 


becomes practically proportional to 1/17, Explicitly, up to extremely tight lattices and extremely small 
values of L/Re (up to 0.5 with an accuracy of 5%), we obtain the formula 


Cr 


Let us note also that if we neglect the difference between Sg and Sq, the heterogeneous correction 


_ing 3 1—1/3¢ 


This formula can be obtained either by expanding (6,2) in a series with Sj = S of from the expression 


(23.2) 


where $— Spoung (the mean difference between the neutron flux in the moderator and the flux at the block 
boundaries) is determined from Equation (1.1), neglecting neutron absorption 


(24.2) 


Expression (22,2) is useful to bear in mind in calculating the temperature effect, 


3. Nondiffuston Corrections 


Boundary Conditions (10.1) are valid only when the diffusion equation may be used within the block, If 
this may not be done, but the blocks are located far from each other, the flux @ extrapolated according to 
the diffusion equation from the moderator to the block boundary should satisfy a more complicated set of condi-° 
tions, 


d (®)mI R, 


The coeffic lents Yq m may in general be found oo the solution to the kinetic equations In the block 
and in its vicinity, However, this is not necessary. Indeed, as has been shown above, it fs not necessary even 
to know the coefficients Yn,n* Yn accurately, since the coefficients By which depend on yp, are almost 1 
_ and enter into small corrections, As for the coefficients 1/y p,m for n # m, they would seem to play even — 

a less important role and are furthermore small, ame they vanish in the diffusion approximation, ; 


It fs much more important to know the exact value of the constant 79, since it enters as a factor of the 
- Indeed, — to Equation 15.2) 


fundamental term in the expression for = 


The constant y»:fs known ff we know the average over the block of the flux @g and the value of Shoung— - 
* extrapolated from the moderator to the block boundary, Indeed, the neutron flux incident on the block can be 
written either with the aid of the diffusion equation 


or can be written as the number of neutrons absorbed {n the block 


= %,. 


Equating these two expressions, we obtain 
(8.3) 


where F = = (F is the inhomogeneity factor of the neutron fleld), Inserting this expression into Equation 


(2.3), we obtain 
1—® 1—® 
F. 


In the diffusion approximation 


1, (R/L,) R/L, 4 


A mote accurate expression for F may be obtained, for instance, by expanding the neutron flux in terms 
of the directions 2, f,e., by expansion of the function f (rz, 2) in a series of spherical harmonics (3), 


Then the solution for @ can be written in the form 


= (8.3) 


where Sif, satisfies the diffusion equation, and 84 Is the nondiffusion correction (outside the block), 


In order to Introduce corrections to the diffusion calculation we must know, in addition to F or Yo, the 
o 
value of the integral \ 82=ardr. Then the actual neutron absorption in the moderator can be found by 


subtracting from(1 the quantity 


209 


{—# ze 
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SUMMARY 


If the diffusion equation with effective boundary conditions: can be applied to the space between the 
‘blocks, the formula for © can be written 


1—98 i—® 
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where Shoundg {3 the neutron flux extrapolated from the moderator to the block boundary, and 8 = O— Sgis¢ 
{s the nondiffusion correction to the flux, In the diffusion approximation 8 @ = 0, and F fs calculated by 
Equations (7,3), 


by E-1, or one may u’: the siinplified formula (22.2), The order of magnitude of the error involved in using 
the “equivalent cell” method is 


The quantity can be calculated by the “equivalent cell” method [2], where It {s denoted 


~ 


where p fs the order of symmetry of the lattice, V_ {s the moderator area in the cell, and L {1s the diffusion 
length in the moderator, 
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-NEUTRON DIFFUSION IN A PLANE URANIUM-WATER LATTICE 
Ya. V. Shevelev 


The diffusion lengths for a plane uranium-water lattice are calculated for 
thermal-neuton diffusion paralle} (Ly) and perpendicular (Ly ) to the layers, The 
calculation of Ly 1s carried out in the diffusion approximation but can be used 
without the introduction of nondiffusion corrections since it is correct in the limiting 
cases (thick and thin layers), The calculation of Ly {s carried out both in the dif- 
fusion and nondiffusion a in the latter case, however, it is assumed that 


the absorption is small; In the case of thick layers, the ratio By may reach 1,9, 


It is shown that if a uranium-aluminum alloy fs used the anisotropy becomes still _ 
larger, As the layer thickness is reduced the anisotropy is reduced and finally 
vanishes, 


INTRODUCTION 


If ordinary water is used as a moderator in a heterogeneous reactor the diffusion of thermal neutrons may 
depend strongly on direction, In a lattice with thick lumps the neutron diffusion coefficient along the axis of 
a lump may be twice as great as It {s in the direction perpendicular to the axis of the lump; corresponding 
differences will be found in the diffusion length, A calculation of neutron diffusion in a lattice with cylindrical 
lumps is difficult, A simpler problem {s considered in the present work; the diffusion of neutrons in a plane 


lattice, parallel and perpendicular to the layers, We tnay note that the anisotropy {n a cylindrical lattice should 
be somewhat simaller than that of a plane lattice, 


First the problem {s solved in the diffuston approximation, taking absorption into account [1], Then the 
problem of longitudinal diffusion is solved exactly, neglecting absorption, As a result one obtains an Interpola- 
tion formula for calculating both absorption and departures from diffusion theory, 


1. Transverse Diffusion With Absorption 


In Fig, 1 a lattice is shown consisting of alternate layers of two materials, ; and 2, with different capture 
cross sections per unit volume ) and different transport lengths afr 2 iF The 


thicknesses of the layers are 8, and 3. A plane neutron source Is located at "minus infinity® and diffusion 
takes place along the x axis in the positive direction, 


We will assume that the layer thickness {s large but that the capture cross section {s small (8£% >> 1, 
ro /r™ << 1), Under these conditions the diffusion equation can be used: 


where @ is continuous, 


The solution of this equation can be writen in the 
following forny 
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where Ly fs the transverse diffusion length which fs to 
be determined and , 
Fig. 1. Plane lattice of alternating layers 


of two materials (with neutron absorption), 


are the diffusion lengths in layers 1 and 2, The coefficients Ay.3 and By 3 are determined from the following - 
boundary conditions; 


tir dz 0 =e dz z=6 


dz dz ] 


The systern of homogeneous equations which {s obtained by substituting Equation (2,1) in the boundary 


Conditions (3.1) has a solution only for a definite value of Ly . This value can be determined by setting 
the determinant of the system equal to zero, 


Whence we find; 


+3, a, 


/ 


[iere and In subscquent equations ‘sinh® and ‘ch’ @ ‘cosh® — editor’ note). 
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If the thickness of the — is small as compared with the diffusion length, the expression in (5.1) can be 
expanded in powers of é and we obtain 


“4 
AM 


where (°),, and (£%),, are the cross sections avezaged over the lattice, 


The expressions in (7.1) can be obtained another way if it {is assumed that the neutron capture fs small, 
Under these conditions, in the first approximation the neutron flux {s determined by the equation 


0, where Ses (8.1) 


which may be considered as en analogue to the equation for the eX.ctric potential @ in a conductor with a 


varlable resistance SE™, The relation between the “current® g and the *potential®. @ in a system of series- 
connected conductors fs given by the equation 


q= 2) 


in which the integral in the denominator plays the role of the *resistance® in the section 1-2, For a large 
number of layers one may introduce an average specific resistance 3(£%),, and then 


— 


ay{ (10.1) 


If neutron equilibrium obtains with absorption taken into account, 


from Equations (10.1) and (11.1) one obtains a diffusion equation with absorption averaged over many layers 


| a ratic of transport length to capture length fs the same in both layer, the following simple result fs ; 


ap 


which is equivalent to Equation (7.1). 


2. Longirudinal Diffusion With Absorption 


We now consider the same medsum but with a source located in the plane = = const (Fig. 1). In he 
diffusion equation ° 


where © {s continuous, the variables are separable, Taking 


(z, y) = (2) ®,(y), 


Whence ft follows that 


bby 
=— =const=-—, | 


where Ly ts the diffusion length along the layer and 


where @, continuous, 


The quantity L i {s determined from the perlodictty requirement on @,. The solution of (5.2) can be 
written in the form 


(-%,<2<0, 


Taking into account the periodicity of @y, the boundary conditions can be written in the following way: 


4 1 _ 
de lene git dz 
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(2.2) 
we obtain: 
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Substituting (6.2) in (7.2) we obtain a homogen.vus system of equations, the determinant of which fs 


--1 0 
0 0 Pe 


“|—ch m2, chp,d, 


fe sh — 43) 


Setting the determinant equal to zero, we obtain an equation for Ly: 


f= ch (425-4 + 


+4 —2) she 
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Then the following formula fs obtained for Lg 


If the absorption ts weak and the diffusion lengths Ly and Lg do not differ greatly, the following substitutions 
may be used in Equation (9.2) 


sh p,8,-Sh 
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w. 
where Qav— is the average diffusion coefficient, 


In Equation (7.1) the diffusion *resistance* 3£™ {s averaged similarly in (10.2) we can average the 
diffusion *conductivity® 


It should be noted that in calculating L sometimes use {3 made of averaging formulas with a °weight 
factor® ry (the neutron fluxes in the different materials), This has a definite meaning: averaging rt 
gives Ly , while averaging AT gives Ly- However, the values of & , cannot be identified with those 
which determine the thermal-neutron utilization factor, This {s obvious from a comparison of Equation (5.2) 
with the equation for the neutron flux in the presence of a uniform field of epithermal neutrons; 


7 4 0 (in the 
tie { const (in the water) 


. This is completely reasonable since In contrast to the preceding case, in 


place of serles-connected res{stances we have 


parallel-connected resistances and, as is well-known, the 
“conductivities are added, 


shp3, (8.2) 


Equations (5.2) and (11.2) are different both in the lump and in the moderator, © 


Equations (7.1) and (10.2) indicate that a lattice in which the volumes of the lumps and moderator are 
almost the same but in which there is an essential difference in transport length, there should be observed a 
strong anisotropy: 


+ 


For example, in cold water (AfLo = = 0.48 cm) and in uranium ag = 2,6 cm) and for equal volumes (54 = 33); 
from Equation (12.2) it follows that Lz, = 1-90. The anisotropy will be still greater if the uranium is replaced 
iL . 


by a uraniuni-alurninum alloy since the transport length in aluminum Is § times larger than it is fn uranium, 
However, in this case the diffusion approximation and Equation (10.2) are obviously no longer useful, The 
point being that if the transport lengths are large compared with the thickness of the layer the medium may be 
considered as a homogeneous nuclear mixture, Then, regardless of the direction of diffusion, Equation (7,1) 
applies and the average cross sections ate used, 


In order to determine the limits of applicability of 
the diffusion theory, we now solve exactly the problem of 
neutron diffusion in plane layers; for simplicity we con- 
sider the case in which there is no apsorption and in which 
the scattering is spherically symmetric Fig. 2), 


3. Exact Solution for Longitudinal 
Diffusion Without Absorption 


The small asymmetry which occurs in scattering in 
et cold water, will be taken into account layer, dy replacing 


Fig. 2. Plane lattice with alternating 
layers of two materials (without neutron 
adsorption), 


the mean-free path A = + dy the Bansport length AT, 


If the source fs distributed over the plane y 2 const 
the neutron flux cepends Linearly on y 


dd 
(1.3) 


where » and = are constants, This is apparent in two limiting cases; in the diffusion approximation (thick 


layers) and in the “homogeneous® approximation (this layers), In the general case - is easily shown, — 
from the equation given by Peierls (2), 


where the integral In the exponential is taken along the Line onneiag the point , and fq while the integral 
over dF is taken over all space, 


If the constant $¢ ts substituted in the right side of the Equation (2.4), then as a result of the geen 
we obtain ¢, since the constant undoubtedly appears as a solution for Equation (2,3), If, however, in the sight 


( 
AN 
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side of this equation we substitute the antisymmetric function Pu y and if the point ft» Mes in the plane 


y 2 0, then we obtain a vanisl:tng result (the Integrals over the upper and lower s2miplanes differ only in sign), 
Thus, Equation (1.3) satisfies Equation (2.3), 


Knowing o(T) it is then possible t> compute the increment in the neutron flux which udannewe the 
plane y = 0 from above: © 


where 9 is the angle between the y axis and the direction of a line from T» to (the point fF, Les in the 
plane y = 0). It fs apparent that when we substitute a constant in the right side of Equation (3,3) in fase of 
we oman a result, Hence, 


(4.3) 


Replacing the volume element dr by | t— tq |* d®, where d® {s an element of soifd angle, we obtain 


x 


We now compute the Integral 


I (z, 2) = \ x9, (6.3) 


We will call the wm Pas (2) the — factor® of the a 1, 2 in the direction , that fs, the 
product of the cross sectica Es, g and the length of the ray © in layer 1, 2, Let 48 be the distance from 
the point x to the closest Loundary, intersected by the ray © (Fig. 2), Then 


I(z,2)=1(a,, 


| 


Computing the {ntegra} in (6.3) using Equation (7,2), we arrive at the following results 


= 


Now in Equation (5.3) it is possible to perform the integration with respect to xs 


Ve, 


af T3(22. #3. 4) = 
+8, 
lntegrating Equation (8.3) with respect to @ and substituting the result in (9.3), we haves 


+. 


Q)dr = ds. 


ts 


(0.3) 


From Equations (10.3) and (5.3) we obtain an expression for the directed neutron filcx eons over the plane 


fav” ay § 
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where u(Q) fs the ratio of the thickness of a layer to the length of the ray © in this layer. The element of solid 
angle dQ can be expressed in terms of the parameter u and the angle 8; ea 


dQ = p=cost, udtoted. 


Using this result, Equation (11,3) can be written in the form 


(8.3) 
it = = 
| 
272 


4.3) 


and XAgy fs determined through A, and As In accordance with Equation (10 2). Integrating with respect to v, 
we obtain 


The onpenenates correction in T takes into account the “through flights® of neutrons across the layer. It may 
be computed by expanding f¢ By, Hg) in a series 
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"the function canbe in terms of the expansions for large and small values 
the 


= 
p—>0. 


If = ay, then f (Hy, The values of the function f are given, in the table. 


Values of the Function T (Py, He) 


- 
o 


- 
o 
>, 


.000 
“810 
“104 
“$82 
493 
ate 
459 
| 
ass 
| 


000 
.800 
.672 
526 
987 
352 
316 
| 


om 
oom 


ecoe 


4. Interpolation Formulas 


In the transverse diffusion case the ineiiinns from diffusion theory should be small because ' 
the diffusion Equation (5.1) gives correct results for vanishingly thin layers, The following interpolation 


Fig. 3. 


layered 


formuta is given for longitudinal diffusion; 


where (L}i)gi¢g 1s determined from Equation (9.2) 


whiie — fe determined from Equation (16.3), 
If the absorption fs small, one can use the ex: 


pansions in (5.1) and (9.2), Then, 


14 Age + + 


(2.4) 


An thermal ncutron-diffusion in a Fig. hen 

Equation (2,4) which indicate the dependence of 

«2.0, the anisotropy on ths thickness of the metal layer 
mee 


. (2.3) 
| 000 00 | 1.000 | 1.000 
000 790. | 0.790 | 0.700] 
I 000 40 | 0.640 | 0.640 
000 526 | 0.525 | 0.325 
: 000 307 | 0.3996 | 0.305 ‘ 
000 220 | 0.218 | 0.217 
: 000 161 | 0.159 | 0.157 . 
: 009 083 | 0.075 | 0.076 
000 064 | 0.038 | 0.035 
000 O18 | | 0.009 : 
000 009 | 0.005 | 0.000 : 
4 
20}-—} | 
(85° 
4 
20 
Smet 


&, (a uranium- aluminum alloy). The parameters for the curves ate the ratio of the volume of water to the 
volume of metal = and the ratio of the volume of alumtnum to the volume of uranium (x). Using. 


these the following values of the constants were found 


= 0.48 ex, 
-l+e 
+ 


= 
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A VARIATIONAL METHOD FOR HOMOGENIZING A HETEROGENEOUS MEDIUM 


L. Triifat 


(Nuclear Physics Institute, Prague) 


A heterogeneous medium {s homogenized by solving the varlational problem 
corresponding to the kinetic diffusion equation for monocnergetic neutrons, It is 
established that the homogenized constants of a heterogencous medium depend in 
general on the mutual orientation of the neutron flux density and anisotropy of the 
heterogeneous medium. As the thickness of the layers which make up the hetero- 
geneous medium approaches zero, the values of the homogenized constants begin 
Not to depend-on the above mutual orlentation and hecome equ! to the constants 
of the corresponding homogeneous mixture, This last conclusion is In contradiction 
to that of Spinrad (3). However, since {n this article the results are obtained by 
using the kinetic theory (Spinrad [3] used elementzry neutron diffusion theory), we 
may that they are more correct, - 


INTRODUCTION 


In determining the properties of a heterogeneous reactor or in evaluating some experiments on neutron 
diffusion it becomes necessary to deal with the problem of homogenizing a heterogeneous medium, By this 
we mean that it becomes necessary to find the average values of the nuclear constants of the heterogeneous 
medium, so that these can be used, although approximately, to replace the neutron Mux distribution function fn 
the heterogeneous medium by the corresponding distribution function in the *homogeneous® medium. An 

example of this is the homogenization of the lattice of a heterogeneous reactor for which the fuel channels and 


* moderator are replaced by an effective homogeneous medium, This problem, however, ‘s also of ne 
interest. 


ee The present article is devoted to the homo- . 

? é ; genization of the heterogeneous medium shown in the 
figure. Infinite Mat plates of two different substances 
1 and 2, whose thicknesses are O, and G4 (& = cy + 3), 
ate alternately placed; the coordinate system {s chosen 
so that the z axis is vertical to the planes of the 
lamina, For simplicity Ict us assume that neutron 

y scattering in mediums] and 2 {s isotropic, and that 
Neitier medium contains fissionable matter. This 
mezns that media 1 and 2 may be characterized by 
ma:roscopic neutron scattering (L,) and absorption 
(Eq) cross sections with corresponding indices 1 and 
2 fox each medium = + £,). Let us assuine 

Plane lattice of alternating layers of two media further that the neutron sources are at infinity and 

1 and 2, emit monoenergetic (thermal) neutrons, 


ite 


* 
a 
. 
e 
277 


The kinetic equation for the neutron distribution function 9, (f) can be written (1) 


Here the distance p = |r-g"| {s measured in units of the mean free path £7" of the neutrons in the region 
spanned by p. The variables gand 9% give the direction of the vector r~x° at the point g, where 9 fs 
the cosine of the polar angie ( p 8 = z— 2"), ané ¢ is the azimuthal angle of the vector r—-s° at the point f. 


We shall consider two separate casex 


1. A plane neutron source parallel to the z = const planes and located at infinity, Then the neutron 
flux 9(t) Ss a function only of z. Integrating over ¢ and transforming the double integral (p 8 = z— 2°), 
Equation (1) may be obtained in the following form: 


for medium 1 


fee 


4, (2" a+a,), 


+(k— 
(2’+k'a+e,), 


where the point z + ka is in medium 1, and z + 04 + ka fs in medium 2, 


We are here using relative coordinates z, 2° so that in medium 1, 03 2, 2° ag , and in medium 2, 
0 <2z,2°s ay. The integersk and k° give the ordinal number of the cell in the linear lattice (see the figure), 
The function Eq (z) 1s defined as in neutron diffusion theory by the rane 


E,(z)= 


Such a positioning of the source and niedium leads to a definite value for the *diffusion lengzh® if we 
“tse this expression In analogy with a homogencous medium, Th‘s diffusion length depends on the mutual 
orientation of the neutron flux density and the lattice. In the given case, when the neutrons are Incident verti- 
cally on the layers of media 1 and 2, we shall denote the reciprocal of the diffusion length by «4 . 


2. A plane neutron source parallel to the y-z (x = const) plane and located at Infinity, The neutrons 
from such a source are incident parallel to the layers of media 1 and 2; they give a different value for the 
diffusion length of the heterogeneous medium, whose reciprocal we shall denote by « ir i is the second 
interesting case of the possible incident neutrons‘directions, 


In this case the neutron flux can be written as a produce “1* The (z) is 


a function only of the coordinate z, and the exponential e "l™ ts due-to the plane Neutron source at x=@ 


and corresponds to the asymptotic “solution in the case of a homogeneous medium —_ a similar source, Ifwe | 
wake use of the relations 


= 2-2") 


fer cong 


Equation (1) can be written in the _ 


$(2)= 


where Ig (t) {s @ modified Bessel function of the first kind and of zero order with an imaginary atgument, 
__ |, By further transformation of the double integral (p 9 = z— 2°) we may put Equation (4) into the form 


: A’ 


x (2-2) 4 (2,0, + 
+ 


x exp + + 
1, + a+ 


+(k— 1%, + | Xx 
(xy + (kK—k’) | —1) x 
x 9 (2 + 4-a,). 


(In these equations we again use relative coordinates z and 2°), 


Equations (2) and (5) are homogencous integral equations of the type 


do (2)=-9 K (z, 2°) 0 (2’)-9(2') 


with a symmetric kernel K (z, 2") = K (2°, z). 
The corresponding variational problem which leads to this contin, as is well known, fs 


5 ds re) = extremum (7) 


Let us use the variational method to solve Equations (2) and (5), since It is mot suitable for the solution 
of the problem of homogenizing heterogeneous mediums, This formulation of the variational problem fs the 


most appropriate one, since the limits of integration in (6) and (7) sre at ae and this causes the functionals 
in (7) to increase withour bound, 


It should also be noted that Expression (7) for an infinite homogeneous medium characterized by the 
constants Zs, £,,£=2,+EL,_ and « with a plane neutron source (z = const) at z = @, can be written 


_ @) 


Determination of «g 


Let us consider case 1 of the two cases we have previously mentioned, It is simple to set up Expression 
(7) for Equation (2); we shall vary the function gg, choosing it so that it corresponds ne to the 
solution of well-known neutron diffusion problems, Let us sef 


d 


The function et * describes the general variation of the neutron flux and corresponds to its asymptotic 
behavior {n the homogenized mediuin with a neutron source in the z = @ plane, Onto this function there is 
superposed a “fine® structure given by the Fourler series, This ecrresponds to the heterogencous character of 
the medium given by the layers of media 1 and 2, In (9) we vary the constantsC,=C%, forn>0, main- 
taining Cg as the ncemalizing (arbitrary) amplitude, 


If Equation (9) is inserted into (7), we obtain an extremely complex expression for A, This can be 
simplified by assuming that x4 << a7, This assumption, however, {s at the same time the condition that 
makes ft possible to homogenize a heterogencous medium, Only if a+ Kg << 2 fs It possible to separate the 


general variation e *L ® of the neutron flux froma its fine structure given by the periodic modulation of the 
Fourier series, 


Equation (9) can be written 
o 


which corresponds even better to the problem of homogenizing a eer aaa medium, | 


However even this form of the function e {is not final, If we were to insert the function of the form _ 
given by (10) into (7) according to Equation (2), the quantity X% would have to have the following properties: 


1, It would have to be invariant under replacement of ny by —Ky 


2. Translation of the coordinate system in the positive z z direction by an amount &, should a 
identically to interchange of media 1 and 2 in the expression for X, as can be seen from the figure, Only such 


an expression for X will have physical meaning and determine ny and the Fourier coefficients C, in an un- 
contradictory and unique way. 


Expression (10) for gg does not give an expression for X that has these properties; ne necessary function 
is 


This function corresponds to the asymptotic neutron flux for equal wnat plane sources atz~—-@ and 
z= +0, After some calculation the expression for X can be weltten in the form of a fraction X = u/v where 
u and v are given by the following expressions 


yx 


= °*) 0; 9) + 


” 0; 9) + 


x {> )x 


$e * k+45 
2223 (p+@) 


(0, 1; p, x 
2x 
x 1) =} + 


+ ch x 
a=0 


x[—e (K+ 14, k; q)— 
(&, k+1; P, 
(k+1,k+1; p, 
ad 


(k, Ki Ps 
2 
© £,,(k+ 1, k; 9g, p)+ 


The functions Eng (k, 1; p,q) are given by the integral 


A 


Fy, (k, P.9)= 


Instead of the complex vedaties petametens Cp, let us now introduce the real parameters given by 


a3) 


Co= 


so thatu and v are quadratic forms in the real amplitudes Z, (n=0,..., ©), namely 

pa 2, 2, 

The coefficients Cp.q7q,p ate related to the previous coefficients 4p, q dy the expressions 


+ ce, 
+ Can—1, 2-1 = 
C2n, 0 = (2n, 0+ 40, n) + 


(16) 


The some relations hold between the = dg and the 


The requirement that A = : have an extremum for variations of the Z, (n= 1, ..., ©) gives the 
equations 


ifx, fs chosen sothat A = 1, Le., so thatu =v, From this choice of X as well as from (17) it follows that 
they are real also for n = 0, i.e., in general for mn 20, The condition that such a system of equations in the 
Zn | be soluble is the requirement that the determinant of the system vanish, namely 


as) 


Since the ¢, and dy, n,p depend on K 4 , this equation can be satisfled if « 4 1s properly chosen, 


The lowest positive value of the roots of Equation (18) will be the desired reciprocal of the diffusion length for 
the homogenized heterogeneous medium, 


The amplitudes Ly ee, ©) are Jetennined from the equations 


where the Deg and Do are the anita minors of the i in the determinant, 


Thus we were able to sulve the problem of homogenization of a heterogeneous medium, Equatica (18) 
detennines the reciprocal of the diffusion length xy ; Expression (19) can be used to determine the variation 
of the neutron flux in media 1 and 2, These values may be used in constructing the asymptotic neutron flux 
corresponding to a different position of the plane source of monoenergetic neutrons and a different over-all 
geometry of the heterogeneous medium, - 


Some questions arise, however, with respect to the above fornal solution of the problem of homogeniza- 
tion, For instance, it would be interesting to discover whether the Fourier coefficients given by Equation (19) 
indicate die discuntinuity in the neutron flux at the separation boundary between media 1 and 2, as follows from 
the results of Bat) and Zaretsky (1) for the asymptotic neutron flux, The solution of this problein in gensral 
is very difficult due to complexity of the results obtained, Further, it fs necessary to prove the existence of 
the above solution, in particular tle existence of «, . We shall attempt to do this by oe a simplified 
homogenization problem, 


This time iet us choose the variation function g%, to be 


In these expressions the Fourier series a C,: os modulating the neutron flux fs replaced by its 


average value, In medium 1 the mean value fs ishen as unity, since {ts absolute value is proportfonal to the 
neutron source Intensity, which is arbitrary, In medium 2 the mean value is given by the constantC, This 
constant {s also a variationai parameter; it is chosen so that A is an extreme value, The thermal utilization 
factor of the heterogencous mecium relative to that of medium i is ; 


CX arts 


This expression gives additional physical meaning w the parameter Cc. , 
The expression for X with the Function (20) is easy to obtain from Equations (2) and (7). We also make 
use of (12), writing A in the form of the fraction A = . . where 


-(42) ch 

Ey (hk + — Sate) + 

+E, +2223) + — 
+2, } Cx 


NE, +%,,))} + 
+ 
+¥,2,)) + 


+ E,(k (2,2, + — + 
+E, 


—$+ E; } 


If x, {s chosen so that A = 1, Le., so thatu = v, the requtement thatrA have an extremum 
_ identical with the requirement that the expression 


+6, 


have an extremum, where the coefficients a,b, and c, depend on Ky and are (22) 
— (23), as - known, will be extremal when 


"so that in view of the choice A = 1, the value of Ky is determined by the equation ze 
bac = 0, 


" Let us go on with an evaluatica of these results, Let us assume that a, and @, are small, s0 thatu~v | 
can be written on the basis of Equations (22) 


with tuffletent scoutacy, whete we have introduced the notation 


(26) 


1 
Equation (26) is sufficiently accurate, and becomes more 80 as my and a, become smaller, Therefore, we must. 


also express Ay and B in the form of — series, restricting ourselves to the first largest terms (Euler*s 
constant y = 0.577): . 1 


(282) 


it 


Then (25) for xy becomes 


A,— B* 
and C fs given by the formula 


(29) 


If we now allow the thicknesses a, and 3 to approach zero, the sum (27a) can be replaced by an integral, 
and we obtain 


fae. DE, dem 


=~ n 


90 that (29a) gives 


and (29b) gives © 


Equations (31) and (32) are exact in the limit % 20,020, 


Equation (31) is of interest from the theoretical point of view, since it fs an exact equation of the kinetic 
theory and gives the reciprocal x4 of the diffusion length corresponding to a homogenized mixture of media 
1 and 2 with layer thicknesses a and 4, At the same time, {ts continuity shows that the homogenized re- 
ciprocal of the diffusion length exists also for a more general heterogeneous medium, as well as that this method 
of homogenization fs — valid and has definite _— meaning, 


Determination of TT 


Let us attempt to show briefly how Equation (5) may be used to find the homogenized reciprocal of the 
diffusion length (when the neutrons from the source are incident parallel to the layers), since our conclusions 
differ somewhat from those obtained by Spinrad (3). 


= 
A 
| 


As the varlation function in Expression (1) for Sutin (5) let us start nnmedtately with a simplified one 
similar to (20): 


where the mean value C of the flux fs — wont parameter, The corresponding expression for may again 
be written in the form of a fraction \ = . . where 


{= 0, > bC +: 


"(33b) 


The coefficients ay, by, and cy are in this case given by 


(asl av) $x 
xexp{ —]£,(z—2’) +4 (2,2, + 5,9, (34a) 
1, (xy ]2—2' + ka] 


(ey | 2+ 2 + ka] — 1), 
(eu + hal 


@4c) 


if Ky so that = 1, Le., so that u= the extreme value of X for varlations of C will 


be given by the extremum of the expression u— v for variation of C, which fs easy to show, The value of C 
corresponding to this extremum {s determined by (24); in Equation (23), of course, 2) and v must be wan 
by (22), Then « y will be determined In exactly the same way, 


Comparison of (22) and (33) shows that kK, and « y 2m the outage constants C will in general 


differ for the same heterogeneous mediur:. shown In the figure, Obviously the thermal utilization factors will 


also differ for this medium, which fs indicated in (21), It is interesting to see whether this anlsotropy Is 
maintained In the limit #0, a =0, 


Therefore, let us now consider our problem for the case when the thicknesses @, and oy approach zero, 
If oy and o are very small, the sums in Expression (33a) for u may be replaced by an integral, We shall show 


this in more detail for de sum Cy» whose terms are given by Equation (34c), Since |< on 


integrating over z and 2*, we may consider the integrands of (34c) constant, Therefore 


Ch = \ oxp[ (Ey + 
x (xykaVP—1), (k> 0). 


Let us replace the sum ee C, by an integral, writing 


xexp[ Sete st ] I, (x4s —1). 


Consequently, this integration can be performed in the following way [2} 


x =a,F (x,).* 


The function F(x yp) is the same as that given by (30), 


Here, of course, it ls necessary to assume that Ly + Oy >K 


The remaining sums in Expression (33a) may be represented iets Here, ies we shall present 
only the results 


b, = (x), a, = (1). (38) 


After such transformations, (25) for “l can be written 


r = 


i 


| 
| 

Ban 

“4 

@ dt 
2R8 


On the right side of this oo it is oe to 8° the —_ % 20, = 0. In view of the fact that 


eet > forex > 0, 21, for sufficiently small values of and Equation (34) 
‘gives 


(40) 


if, of course, > Ry for i= 1, 2, This means that in the Umit @, = 0, =0 Expressions (37), (39), and 
(40), lead to the relation 


24a, + 


In a simflar way it can be shown that the corresponding value of the mean flux is 


The result obtained !s in contradiction with that of Spinrad [3] since we have shown that the homogenized 
| reciprocals x, and «y of the diffusion lengths are equal for te heterogeneous medium shown in the figure 


in the limit o =0, 0 =0. Both values of x satisfy the same equations of kinetic theory (31) and (41), (C = 
= 1 for both cases also), As is well known, however, Equations (31) and (41) have a single real (positive) root, 
sothat K 4 = Ky. This root satisfies the requirement + > Ka, 


SUMMARY 


1, The constants of the homogenized heterogeneous mediurn depend in general on the mutual orientation 
of the neutron current density and the anlsotropy of the heterogeneous medium, 


2, The constants of the homogenized heterogeneous mediur> do not depend on the mutual orlentation of 
the neutron current density and the anisotropy of the heterogeneous medium when the thickness of the layers 


which go to make up this medium approach zero, These constants then become equal to those of the corre- 
sponding homogencous mixture, 


This second conclusion fs in contradiction to that of Spinrad [3]. In view of the fact that we arrived at 


this conclusion by the kinetic theory, and not on the basis of elementary neution diffusion theory as did 
Spinrad, we consider our results correct, 
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CROSS SECTION FOR THERMAL-NEUTRON ABSORPTION AND 
RESONANCE ABSORPTION {NTEGRAL IN 


_P. A. Kerupchitsky 


Using the oscillating reactor method the cross section for the absorption of thermal neutrons 
Neutrons and the resonance absorption integral in the isctope Pu have been measured, 
The measurements were performed at two positions inside the heavy-water reactor of the 
Academy of Sciences, USSR; in the lattice and in the thermal column, Plutonium 
samples with different abundances of the isotopes Pu™*, and Pu™! were used. 
The oscillations in the power level produced by excursions of the samples were recorded 
with a recording potentiometer, To avoid self-shielding effects, the dependence of 
sample effect on plutonium weight was investigated, To determine the spectral com- 
peation of the. neutron tux in the Lattice and in the column the cadmium ratio for 
Indium was measured. The values for the cross sections in Pu™® are as follows: in the 
column — (560 & 35) barns, in the lattice — (1010 4 120) barns, The cross section for 
absorption of thermal neutrons in Pu? was found to be of = (460 4 45) barns and the 
resonance absorption integral— £ = (10,000 # 2,800) barns, The value obtained for 
the thermal neutron cross section agrees with a contribution in the thermal cross section 
from a resonance level at Ey o Lev, This indicates the absence of strong levels in 
Pu™® in the energy region from 1 ev down to negative values and also indicates that in 
the thermal-neutron mgion the cross section in Pu™® varies according to a 1/v law. 


INTRODUCTION 


The properties of the tsotopes Pu™® and Pu™!, which accumulate in extended fuel cycles, are of great 
importance in reactor calculations, The properties of Pu™! are now known with a sufficient degree of accuracy, 
The behavior of the fission cross section in Pu™? has been investigated in detail in the energy region from 
001-700 ev (1, 2). The fission cross section in Pu™! measured for a thermal spectrum [3, 4] is in agreement, 
The cross sections for absorption and radiative capture of reactor neutrons by this isotope (3, 4], and the 
effective number of secondary neutrcns per absorption event (3, 5) rieasured In the early experiments, are 
found to be in good agreement. The data on the cross sections In Pu (3, 4, €), however, exhibit a large 
spread and uncertainty because of the strong effect of'self-shielding, due to the strong resonance in the absorption 

cross section at an energy of about 1 ev, and the uncertainty in the spectral composition of the neutron flux in 
"which the experiment was performed, The resonance absorption integral in Pu has been measured only 
recently (7). To eliminate the effect of self-shielding in Pu™®, it is necessary to measure the effects in small 
amounts of this fsotope, It was decided to make use of the oscillating reactor inethod (8, 9], which has a high 
sensitivity as compared with other methods; the method was applied to various *multiplier® elements, The . 
measurements were performed in the heavy water reactor of the Academy of Sciences, USSR, at two points, 
differing in spectral composition of neutron ux; inside the reactor lattice (a Fermi spectrum plus a thermal 
spectrum) and in the so-called thermal column of the reactor [10] (almost a thermal! spectruin) (Fig. 1), 


| 


Method of Mcasurcment 


Phitontum with three different abundances of the tsotopes Pu”, Pu™® and Pu! was available. The 
samples were inserted Into the rcactor and withdrawn periodically, The reactor was operated without the 
automatic control system; hence, the power 
level oscillated with a period equal to the 
oscillation period of the samples and witha 
relative amplitude proportional to the change 
in the reactivity of the reactor due to the 
introducticn of the samples, The oscillations 
in the reactor power level produced oscilla- 
tions in tie neutron flux incident on the 
Neutron chamber, The fluctuating chamber 
current was fed to a de amplifier and then 
recorded with an 
meter, 


We shall use the notation atta « 0,1, 
2) to designate the efficiency of the sample of the 
the i-th isotopic coinponent, By sample 
efficiency we incan the effect of a given 
sample on the reactor reactivity, that is, the 
amplitude of the current fluctuations in the 
neutron chamber, in conventional units, divided 
by the weight of plutonium in the sample. In ~ 
this procedure the efficiency of the samples of 
one of the Isotopic components (index 0) is 
taken as unity (a ©) 1), It can be shown that 
the cross section for neutron absorption in the tsotope Pu™® (044) can be expressed in terms of the absorption 
cross section o, the effective number of secondary neutrons Vel and the concentration N of the isotopes 
Pu®? and Put, 


Fig. 1. Diagram of the experiment: 1) Reactor tank; 
2) heavy water; 3) vertical experimental tube; 4) 
uraniuin channel; 5) reflector (graphite); 6) neutron 
chamber; 7) position of sample in thermal well; 

8) position of sample in reactor lattice, 


NOH 


(eff gy — — a) 
p (No — 


= 


where y is a correction factor which takes into account the different effects on the reactor on (11) due 
to the fast neutrons which are produced and the slow neutrons which are absorbed, 


By measuring the efficiency of plutonium samples with three different ssotople concentrations it is possible 
to determine og, independently using two combinations of {isotopic components (i = 1 and 2). 


The measurements performed in the thermal column and in the lattice determine ‘the cross sections - 
for the SPecta Ogg ANd jar, respectively, 
The cross sections which are found are related to the cross section for thermal-neutron absorption of 
and the resonance absorption integral Iy. by the followings 


(2) 


where ky and kg are cvefficients which take accuunt of the ratio between the Muxes of resonance and thermal 
Neutrons In the colunm and in the lattice, To ema the coefficients ky and kg the cadmium ratlo for indium 
was measured In both spectsa, 


/ . 


. Description of the Experimental Setup 


Plutonium samples, The isotopic ee semen of the plutonium, as determined with a mass-spectronicter 
by Kukavadze, are shown in Table ” ; 


TABLE 1 


Isotopic Composition of the Plutonium Which was Studied 


{sotopie 


index of the 


Contents of the fsotopes by % 


component 


Pu2 


Purse 


*) 


98.4440 03 


1,560.03 


91.8740.06 


7.1340.06 


0.97-40.02 


79 5 40.2 


17.2 40.2 


3.1440.05 


) tent corrected for 


The plutonium sainples were prepared 
as solutions Pu (SQ,) in heavy water, To 
dissolve the Pu(SQy the heavy water was 
acidified by a small amount of sulfuric acid 
(0.5 N) in which the hydrogen was replaced 
by deuterium, To eliminate the effect of 
self-shiclding, three samples of each isotopic 
component were prepared, The weight of 
plutonium in these _- related approximately 
as.1:2:3, The Pu™® content in all samples 
of the same weight group was chosen to be 
approximately the same in order to elirainate 
the effect of neutron shiclding, (Table 2), 
The volume of the solution in each sample 
was 24 cm’, The plutonium content in the | 
origina! solutions was ae by two 
methods of titrating Pu?’ with cerium sulfate: 
potentiometric titration and titration with 
orthophenanthroline. This work was performed 


by Laptev, 


The containers were made from a fluoroplastic (teflon) because of its sinall cross section for neutron 
absorption and its chemical stability, 


Oscillator, The oscillator consisted of a de motor and pulley on which was wound a length of heavy wire, 
The sample was suspended from the end of the wire by a fluoroplastic hook, The voltage was periodically applied 


TABLE 2 


Weight of Plutonium in the Samples, 


Index of 


the 
{sotopic 


Weight group 


omponent 


Wt 
mg 


No, of| We, 
ample mg 


No, of 
amply 


to the motor through a mechanical time-delay 
telay, raising and lowering the sample inside 
a vertical channel in the reactor, The absorp- 
tion limits of the sample were fixed by a re- 
versing switch, connected to special limit 
switches which were linked to the motor shaft, 
The sample was in the reactor for 18 sec and 
then withdrawn from the reactor for 18 sec, 
The time required for raising and lowering the 


sample was the sane, 2 sec, Thus, oscilla- 


tion cycle lasted for 40 sec, The amplitude . 
of the oscillation was 2.5-3.5 m, The equill- 
brium position of the sample in the thermal 


column was displaced downward with respect 


to the center of the reactor in order to cause 


_ Changes in the most concentrated thermal- 


neutron flux (because of the proximity of the 


reflector) (Fig. 1). In the upper position the sample was far from the core, at the exit of the reactor shicld, 
Hence, the neutron scattering in the sample, observed by Hughes (9) in a sample in the reactor, did not occur, 


Neutron chamber, The fluctuations in reactor power were recorded with a BFy ionization chamber, To 
obtain sufficient currents at the small reactor power level used in the present work, the chamber was located in 
one of the lateral channels intersecting the reactor tank (Fig. 1). 


Amplifier and recording instruments, The chamber current was amplified with a precision, balanced, de 
amplifier with inverse feedback, The amplificd signal was recorded with an electronic recording - potentiometer, 


= | = | 
| 
I II 
| 
mg 
0 | 47.73 4 35.95} 7 |53.92 
2 120.04 5 39.89} 8 {59.04 
2 3 $23.03) 6 45.85] Y |68,72 : 


The steady-state power level in the reactor was Indicated oy a straight line on the potentiometer chart, 
Oscillations of the reactor power produced proportior al deflections of the pen of the potentiometer (Fig. 2), 


Measurements 


As Indicated above, in addition to plutonium, the samples contained heavy water with sulfuric acid; to 
eliminate effects duc to these materials and the container, samples were made up containing a solution of 
sulfuric acid in heavy water with exactly the 
same normality 2s the sainple being studied 
(these were the su-called background samples), 
The effects in these were subtracted from the 
effects observed in the plutonium samples, 


A set of measurements consisted of 
successive oscillations of the samples in which 
each sample oscillated no less than ten times 
without stop and was then replaced by another 
sample and soon, The tnaxirnum amplitude of 
‘the power-level oscillations (for samples of the 
IM weight group) was less than 0.5%of the steady 
state power level, 


The measurements were performed at low 
reactor power levels (approximately 300 watts) 
without circulating heavy water through the heat 
exchanger, Before starting the experiments the 
reactor was kept In a nonoperative state for 1-2 
days, The temperature of the heavy water under 
these conditions was 33-35°C, Changes in at- 
mospheric pressure had no effect on reactivity 
since the reactor tank {s sealed, 


Linearity check, To check the linearity 
of the entirs system (reactor-chamber-amplifier- 
recorder) sampies of boron in the form of a solution 
of boric acid in heavy water were used, These 
samples varied widely in weight, In this procedure 
no departure from linearity was observed (withio 
an accuracy of £3%) up to a boron weight of 
mg, which fs equivalent to oscillations corre- 
Fig. 2. Chart of the power oscillations produced by sponding to 160 mg of plutenium, Measurements 
oscillations of a sample of Ill weight group in the of the efficiency of the plutonium samples of 
thermal column of the reactor, different groups also verified that the system was 
Linear to within an accuracy of # 2% 


Dependence of results on oscillation period, . Inasmuch as the oscillation in reactor power level is 
exponential in nature (Fig, 2), it was necessary to verify that the results were independent of oscillation period, 
To do this a series of measurements were performed in which the oscillation verlod was one-half the normal 
period, The results of the measurements were the same within the accuracy of the measurements, However, 
at a period of 20 sec the oscillation amplitude became rather small, particularly for the I weight group; the ampli-_. 
tude of the observed oscillations was comparable to fluctuations of the current in the input resistance of the 
amplifier, In this case the errors in the measurements were larger, However, a period much larger than 40 sec © 

yields only an insignificant improvement in the accuracy (because of the exporential nature of the oscillation) 
and requires excessive time for making measurements, 


Determination of the coefficients ky and kk, To determine the coefficients ky and kg in Equation (2), 
the cadmium ratios were measured in indium foil, The indium folls were trradiated at the same location as the 


plutonium samples, The thickness of the cadmium was 0.25 nnn; this implies an effective tower Hit on the 
spectrum of neutrons penetrating the cadmium of 0.4 cv. Mhe activity of the indium foils was measured with 
a halogen counter for 20-4 min, The cadinium catio for the indiwn in the thermal column was 64 and in 


the reactor lattice, 2.0, The coefficicnts ky and’kg were calculated by Ioffe, using this data, and the following 
results were vbtained: 


0.088. 


For these valucs the thermal Maxwellian spectrum overlaps the Fermi spectrum at an energy of 0.2 ev. 


Results of the Measurements 


The results of the ineasurcients of the sample efficiency, averaged over several series of measurements, 
ate shown in Fig. 3 and in Tables 3 and4, . 


R 


Efficiency of sample 


0657 


50 
Plutonium weight, mg 


Fig. 3. Efficiency of the samples, 

O — Efficiency of the isotopic component with Index 1; 
4 — efficiency of the Isotopic component with index 2; 
efficiency in the thermal column; 
---— efficiency In the lattice, 


The numbers under the abscissa axis designate the number of 
the sample, 


It {s apparent from these results that the self-shielding can be neglected In samples of the weight which 
was chosen, in agreement with the theoretical estimate, If self-shieldiny did occur, the straight line drawn 
_ through the efficiency values of the samples of different weight groups In Fig. 3 would not be parallcl to the 


abscissa axis, Values of the efficiencies, averaged over-all weight groups were substituted in Equation (1), The 
average values of og, (for 121 and 2) were found to be; 


Crowell = (000 + 35) barns 
So lat == (1010 4 


The indicated errors are determined by the spread between the values for = i and = 2 and may be 
explained by uncertaintics in the determination of the value of all) the inaccuracy in the valucs of the con- 


stants for Pu™® and the inaccuracy in the measurement of the isotopic sae ene of the sample and the 
weight of the sample. 


TABLE 3 
Efficiency of the Samples in the Thermal Column, 


Weight group 


Average 
value 


0.953 40.005 | 0.92340.005 | 0.917+0.003 | 0.9184-0.003 


0.7720.005 | 0.78540.005 | 0.7820.003 | 0.7800.004 


TABLE 4 
Efficiency of the Samples in the Lattice, 


Weight group 


Average 
value 


i 


0.86240 015 | 0.861-+0.022 | 9 850-40.013 | 0.85840.010 


0.65740.019 | 0.64240.015 | 0.66240.007 | 0.65740.008 


TABLE § 


The values of the constants for Pu®*, 
Value of the Constants Used in Calculating og. 


. and the correction factor used in cal- 


culating the cross section in Pu” are shown 


“For therm: in Table 8, 
Constants For the lattice 


The values cf the cross section for Pu”? 
and Pu™? in the thermal column were taken 
"asthe average for a Maxwellian spectrum with 
2.03 [14] a mean temperature of 305° K; In this pro- 
2.2 [4], (5) 2,2 (3), [5] cedure the therma! valucs and the cross sections 
0.947 [11} 4,281 given in (1, 2, 6) were used and the ratio of 
the absocption cross section to the fission cross 
section in Pu™! was taken from (3). The value 


of the cross sections in the lattice was found 
froin the formula 


where oF fs the thermal cross scetion for a Maxwellian spectrum with a mean neutron tenrperature of 380° K, 
S fs the resonance absorption integral with a lower limit of 0.2 ev which was found by Integrating the curve 
showing the dependence of cross section on energy given in (1, 2, 6). 


The value of vepess foe the lattice was calculated by taking Inte: account the reduction in vere in Pu 
foe cpithermal neutrons, The value of p in the lattice was calculated from Equation (2) of (11) using the new » 
Values of the constant, Substituting the obtained valucs of O49 wei, P49 lat» Ky and ky in Equation (2), it fs 
possible to determine the following values for the constants being sought: 


S49 = (10000 +, 2800) barns 


The lower limit in the resonance absorption integral is 0.2 ev, 


DISCUSSION OF RESULTS 


The cross section for the absorption of thernval neucrons in Pu™® which was obtained, fs consistent with a 
contribution in the thermal cross sectian from a resonance level with a energy E, = 1.075 ev (12). This 
agreement is an indication that there are no other strong levels in Pu™® in the me region below Eg right 
up to negative energy values, The absence of levels for energies below 1 ev in Pu™® is in agreement with the 
data for the mean distances between levels of fissile heavy isotopes; this distance reaches 10-20 ev. This, in 
turn, indicates that the cross section in Pu™ in the Gamat -energy region varies in accordance with a 1/v 


law. Thus, the obtained value of the cross sectior in Pu™® may be assumed to pertain to a thermal neutron 
energy Ex = ev. 


The method of measurement of the cross sectio.is which was used made it jpentite to » oltminate neutron 
self-shielding in the saniple and also to separate the thermal cross section in Pu™® from the resonance ab- 
sorption integral. The value of the resonance absorption Integral fs in goud agreement with the value obtained 


by Erozotimsky et al, (7) by another method and also with an estimate made on the basis of the level parameters 
for E, = 1075 ev (12). 


The author wishes to take this annette to express his gratitude to Academician a. 1. Alikhanov for 
his continucd interest ir the work and for his valuable advice, 


The author also wishes to thank F, S, Laptev, V, L, loffe, andG, M, Kukavadze, who wr a number 
of measurements and calculations, and A. Ya. Diament, N. G. Khokhulin, V, F, Belkin, A, K, Dubasov, and 
Yu. V. Orlov for participating in tie construction of the apparatus and the measurements, 


Note, After this paper was submitted for publication a short report (13) appeared on the measurement of 
the Pu constants by a mass-spectrometer method, The data on the resonance integral is in agreement with 
the data of the present work and (7); the data on the cross section for thermal neutron absorption, however, 
does not agree with the data of the present work, It should be noted, however, that the determination of the 
cross section for thermal neutrons by a mass-spectrometer method has a number of ——a 
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MEASUREMENT OF THE FEFECTIVE NUMBER OF SECONDARY NEUTRONS FROM 
Pu2?* IN THE INCIDENT NEUTRON ENERGY REGION FROM 7 TO 30 EV 


V. Kurpichnikov, V. V. Okorekov, and S, t, Sukhoruchkia 


Measurements have been made of the energy dependence of the quantity v org = os 


(where pw fs the average nuivber of fast neutrons per fission event, of fs the fission cross 
section and oy Is the absorption cross section) in Pu™® for the enctyy region ranging 
from 7 to Wev, A knowledge of this quantity ts of interest both for practical reactor cal- 
culations 92d in the theory wf nuclear fission, The measurements consist cf counting the 
number of fast fission neutrons emitted from a sainple of Pu®® with stow neutrons in- 
cident upon it. A ~~“ resolving power in the neutron collector has made it possible 


to measure the ratio t for the separate resonances, In this connection it fs assumed 


that v remains constant over the cntire measurement region, From the data of the 
present work it Is found that the fission widths of ten levels in Pa? vary strongly from 
one to another and that they may be grouped, : Se 


o . . : 
The quantity were = v at (where y is the average number of secendary neutrons emitted per fission 


event, of and og are the cross sections for fission and absorption, respectively} 1s of great value both in 
connection with practical reactor calcnlations as well as in formulating 2 theory for the fission process in heavy 
‘ nuclei, The latter sitsation stems from the fact that a knowledge of the enctgy dependence of vere in con- 
junction with information on the total widths and the neutron widths ( [ and [,) of the levels makes {it possible 
to estimate the fission widths [_ and the radiative widths Ty) for the varlous levels of excited heavy nuclet, 
The fact that the quantity [Fy remaios rclatively constant for different levels of the same isotope while the - 
quantity I'¢ experiences a marked change has been noted by 2 number of authors, [1-4] and has received a 
theoretical explanation in a number of papers (5-7). The present investigation was undertaken In order to 
acquire more detailed information on the behavior of the quantities Veff. and in the isotope 


Experimental Setup 


The method of measuring Vere has been proposed earlicr by one of us and described in [4], The measure- 
ments were catricd out with the neutron selector described in (8). 


_ In changing over to measurements with a selector channel width of 2 u sec but with the same are firing 
time, it was discovered that when the tigger of the time analyzer Is synchronized with the are voltage in the 
fon source (as was done in [4-8)) the spread in fon accc!crating thine in the cyclotron (~ 15 py sec) reduces — 
the resolving power of tse sclector, To maintain the resolution corresponding to a channel width of 2 p sec 
a special scheme was developed; this is a shock-excited, quattz-crystal master-oscillatue which provides all the 
required time triggers in the analyzer (the channel positions, the channel widths, ete.) The Intense bursts of 
y-tays from the beryliam target, which occur when it Is struck by accelerated deuterons, are detected by a 
special scintillation counter with a plastic scintillator, After being shaped In an integrating circuit, the pulses 


fron the photo-multiplier arc used to tigger the master oscillator, Using this scheme the thine analyzer Is 
tellably synchronized by de neutron pulse, 


; 
é - 
e 
° 
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In Fig, 1 is shown a diagram of the collimator scheme and the arrangement of the sample and the neutron 
j detector for the measurement of total cross sections with a “Might® distance of 15.6 m. For a major fraction of 
the total path from the moderator to the neutron detector the beam moves in a tube (collimator) which fs 
evacuated In onler to reduce neutron scattering duc to alr, At the end of the collimator there are slow-neutron 
detectors — 15 proportional commnnen cm long and 3.5 cm in diameter filled with enriched BF, to a pressure 
of S00 mm Hg. 


Fig. 1. Diagram of the collimator and layout of the apparatus, 
1) Cyclotron chamber; 2) shield of B.C; 3) paraffin moderator; 4) collimator; 5) detector; 
6) sample; 7) cyclotron magnet; 8) supplementary shielding; 9) cyclotron shield, 


In making the fission cross section measurements, the detection apparatus shown in Fig. 2 was required, 

Fast neutrons, eee in fission of nuclei of the sample, are detected by the recoil protons using a scintillation 
omen. In the present work a sample of 

Pu™® with an area 10 x 20 cm® and 0.5 g/cm* 
. thick was used, The counter efficiency was 

enhanced through the use of a photomultiplier 

with a large photocathode surface and through 

the use of paraffin as the hydrogenous material, 


The flux of slow neutrons incident on the 
sample was measured with four gas counters, 
2.5 cm in diameter and 19 cm long, filled 
with BF, (unenriched) to a pressure of 300 mm 
Hg. These counters, characterized by small 
self-shielding effects in the thermal region, 
were placed dizectly in front of the sample 
and used to normalize the obtained results 


Fig. 2.. Detection apparatus, with respect to veg in the thermal region, 
1) Sample; 2) BC; 3) lead; 4) ZnS ¢ paraffia . 
scintillator; 5) ee eee 6) gas amen Analysis of the Results of the 


1) peutron beam, 


Measurements 


The quantity Was calculated oon 
the formula 


: N ‘ 
G | 


where Ne is the recorded number of fission neutrons in a selector channel; N VE is the flux of slow neutrons; 


bs the ransinission of the sample; is the number of atoms in 1 em® of the sample; o¢ fs the 


total cross section foe the tsotopes being studied; € isa ey which takes into account the efficiency of 
the counters, 


The quantity Ne appears as the difference between the number of counter pulses for fast neutrons recorded 
with the sclector and for the background, This background, produced chiefly by spontaneous fission in Pu™*, 
reaches 30%; of the total number of pulses for measurements in the region from 7 to 30 ev and becomes as high 
23 60'% for measurements in the region from 13 to 250 ev. The determination of the magnitude of the back- 
ground (which fs constant for all channels) was carried out in two ways, The first consisted of the measurement 
of the number of pulses from the fast-neutron counter with the cyclotron shut down, using the last scale during 
the measurement, In the second method, all pulses, counted by the selector in the region between resonances 


at energies Eg = 8 ev and 11 ev,were ascribed to the background, Both methods gave approximately the same 
tesults, 


"Since the measurements of the transmission and the fission effects were carried out with somewhat 
different resolution, the quantity verg for each channel was not calculated, but an average value of vers was 
found for the separate resonances by summing the readings for a number of channels 


In addition, the resonances at 10,95 and 11.90 ev were separated graphically as was the group of re- 
sonances around 15 ev (14.1, 14.7, 15.5 ev). The values of vary determined in this fashion were normalized 
to the values of vere in the thermal region, For this purpose supplementary measurenients were carried out; 
these consisted of the direct comparison of the fission effects for thermal and resonance neutrons, Here, use 
was made of measurements for a “flight® distance of 15.6 m both for resonance and thermal neutrons (with the 


use of recycled slow neutrons) and nieasurements with a flight distance of 1 m for the same moderator (5 cm 
of paraffin), 


Measurements were made of the fission effect using a flight distance cf 2 m and a sample thickness of 
4.5 g/cm*, In this case the neutron's energy region from 0.2 to 30 ev was covered again but the recycled 
neutrons were absorbed by a thin boron filter, The number of resonance neutrons captured In the sample was 
found by a calculation in which use was made of the quantity o» r* from (8, 91 Because of the inadequate 
resolution of the selector the quantity vere can only be given as an average quantity in the energy region from 
65 to 27 ev, This value is in agreement with the average value of vere found by the first normalization 
method, It was found that in addition to the resonances there fs a factor in the cross sections for absorption and 
fission which changes slowly with neutron energy and which should be ascribed either to an actual remote 


*negative® level or to some other effect (over-lapping of wide levels or interference between levels), The 
contribution due to this effect was taken Into account in the normalization, 


The absorption cross section was determined from the formula 


where 0, = 10 barns {s the cross section for the potential scattering and the cross section for fission was de- 


eS _ .. (in relative units), The normalization results were used in 


termined fram the formula ¢, 


converting to absolute —_ 


Results of the 


In Fig, 3 are shown the results of the measurements of o, fe and of VE . The quantity vy was taken 
4 to be 2.9 for the entire encrgy sagien, A nuniber of authors have verified by direct micasvrement (10-12, 20) 


that the quantity py remains constant in the region from 0.25 to 0.5 ev, Compazing the results of the present 
o 
work with the results of the measurement of the ratio =f using a fission chamber [13], 1: may be concluded 


that vy In Pu®® resonances does not change to any great extent 2s compared with the thermal value although 


the accuracy in the measurement of ot .as was Indicated by the authors of this work, was -_ 


Resonance Parameters for Pu™® Levels 


Vert’ “i mv mv mv mv mv mv 
0.3 5 | 10045 105 [15] 10042 5645 4444,5 
$0.95 | +3 | 146415 | 180440 | 150420 | 130415 | 77410 | 
11.90 48+ 4 52+ 8 90+30 | 85415 | S245 | 2644 2649 
14.30 Alt 8 | ~70 60410 60410 1745 43414 
14.70 60+ 4 | ~40 110430 4049 4047 
200470 200+70 
£0410 8248 
10522 55+ 6 5545 


39418 | 91413 — | 140430 | 15417 [84425 


a) 


22 23 2425 26 
Neutron energy, ev 


b) 


Neutron energy, ev 


Fig. 3. Results of the measurements of the energy dependence of a) fission cross 
section; b) absorption cross section, 
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of the energy depenuence of weg in Pu™® (17, 18). 


_ In the table, in addition to the results of the measurements of Vere there ate shown the total widths for 
the resonance levels (, obtained in (9, 13, 14] and also the quantity I which we have used in calculations of 
the fission widths of the levels Cp ain the radiative widths Py - In doing this, we neglect the very small 

Reutron width of the level Py, In the calculations we have used values of the thermal fission cross section and 
the absorption cross sectivpn of 729 and 1032 barns, respectively fia). 


6, relative unit 


sec]m 


530 


Fig.4. The function og VE in the energy range from 13 to 250 ev without 
corrections for sample thickness, 


The errors indicated in the table take into account only the statisticel spread and do not include any 
possible systematic uncertainty in the normalization, which may reach 15%, 


The fission effect was measured separately In the region from 13 to 250 ev, The results are shown In 
Fig. 4. Comparison with the absorption data (8, 9) indicates that the majority of strong resonances in Pu™? 
have a sizeable fission rm The exceptions are the resonances at energies of 42 and 44 ev (which possibly 
are due to the {isotope Pu™*), The quantity vet is app. ently somewhat low for the resonance at Ey = 26.1 ev 
while I is high because of the effect of the a cadmium resonance (cadmium Is used as filter for 
absorption of recycled neutrons), 


SUMMARY 


The values of the quantities Ty and Ty are very sensitive to inaccuracies in the normalized results for 
VeffT for the thermal spectrum; furthermore, as {s apparent from the table, the total width I cannot be de- 
termined with high accuracy from a comparison of the data published at the present time, Nevertheless, certain 
conclusions may be drawn on the basis of the present results, 


The fission widths I'y in the levels of Pu®® differ markedly between themselves and may be grouped 
about levels ~ 20 mv and ~ 60-80 mv which fs not inconsistent with theoretical predictions, 


However, one should keep in mind the small number of levels which have been investigated and the 
possibility of omission of weak levels, In this connection the authors hom a attention to the fact that Farley 
(16) found a different exponential distribution of the fission widens in Pu®® ; 


The data of the present work Indicate that the radiative width [, is not strictly constant but changes 
noticeably from level to level, This behavior of the quantity ty requires further investigation since marked 
changes of the radiative widths between levels have not been noticed before, 


Considering self-shielding effects in the resonances and the contribution of the nonresonance term in the 
cross sections for absorption and fission (normally ascribed to the effect of remote “negative levels®) it may be 
concluded that the data of the present work are in agreement with the results of other work on the determination ~ 


The authors are indebted to S, Ya. Nikitin for advice and continued in’erest in the present work, 
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MECHANISM OF THE REDUCTION OF ZIRCONIUM AND TITANIUM OXIDES 
BY CALCIUM HYDRIDE 


A. Meerson and O, P. Kolchina 


The theoretical principles of the reduction of stable metal'ic oxides by calcium 
hydride are considered, on the basis of a study of the reduction reactions of zirconium and 
titanium oxides, Thermodynamical calculations and special experiments intended to 
clarify the mechanism of reactions between oxides and CaH, are used to compare the 
"reducing activity of CaH, with those of the calcium and atomic hydrogen formed in its 
thermal dissociation, The view which exists in the literature, according to which the 
high reducing power of CaH, is explained by the action of the atomic hycrogen formed, 
_ is shown to be erroneous, It is shown that the principal reducing action in this process 
is effected by metallic calcium, formed by dissociation of CaH,, Metallic calcium at 
temperatures of 1000° and higher reacts with chemically stable oxides not only in the 
liquid but also in the vapor state, which creates favorable conditions for tapid and com- 
plete reduction reactions, It is also shown that the active hydrogen liberated when 
metals saturated with hydrogen are heated is capable, to some extent, of additionally 
reducing the oxides which contaminate these metals, 


Among the various methods for the preparation of such active metals as zirconium, ursnium, titanium, 


etc., which have a high affinity for oxygen, considerable attention is devoted in the literature tu the reduction 
of oxides of these metals by calcium hydride (1-8). , 


The opinion {s expressed in a number of sources (1, 4, 5] that calcium hydride is a better reducing agent 


for chemically stable ox‘des even than calcium, belng a more vigorous reducing agent because of the action of 
the atomic hydrogen liberated when calcium hydride is heated, 


A characteristic of this method fs that powdered hydrides and not the pure metals are obtained, Powdered 
hydrides are oxidized less than pure metallic powders in aqucous and acid treatments, Therein lies their ad- 
vantage as starting materials for the production of corapact metals by the methods of powder metallurgy. 


The differences in the behavior of powdered hydrides and powdered metals on sintering, demonstrated by 


Hausner et al. (6) in the production of compact malleable zirconium by a metalloceramic method, are also 
worthy of attention, 


Hausner et al, (6) showed that the vacuum sintering of a briquet pressed from sonnet zirconium hydride 
proceeds more actively than the sintering of metallic zirconium powder, Sintering of the hydride yielded 
compact metal of higher density, more plastic, and of greater corrosion resistance, These differences were 

tentatively attributed to a lower content of nitrogen and oxygen impurities in the hydride in comparison with 
the powdered metal, and also to the fact that during sintering of the hydride, because of {ts dissociation in 
vacuum, contacts between the particles at fresh, active metallic surfaces were formed, 


Although Ha:sner’s experiments refer to the use of a hydride powder obtained by hydrogenation of com- 
pact metallic zirconluin (wastes, scrap, etc,), nevertheless the results of these investizations may be extended | 
to the pussible use, In powder metallurgy, of zircontum hydride (and also of its analogs such as titanium 
hydride) obtafned by direct reduction of the oxide by calctum hydride, 
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Moreover, in some cases hydrides of zirconium and sim/itar metals have direct eechateet applications, 
for example In reduction in the production of certain loys, in the welding of nonmetallic materials to each 
other and to n:etals (in particular, in the welding of silicon components in semiconductor technology), as 
sources of very pure hydrogen in some electrovacuum apparatus, etc, 


Thus, hydrides can be used both instead of pure imetals, emally obtained by apeeneie from the oxides by 
calcium, and for direct use in special cases, 


Consequently, the choice between calcium and calcium oxide as seumeiing agent for the oxide of a given 


metal {s sometimes dictated by the conditions in which the reduced product is to be used, and sometimes only 
by some particular advantages of the chosen reduction method, ace . 


In descriptions of reduction methods for chemically stable oxides by means of calcium or calcium 
hydride, mainly the technological conditions aze usually compared, and much less attention is paid to the 


physicochemical nature of the reduction process with the use of calciuin hydride in comparison with - use 
of calcium for reduction, 


Nevertheless, for the correct choice of a technological method wn of the direction of work for its further 
improvement a thorough study of its physicochemical nature fs essential, 


The present paper contains an examination of the physicochemical conditions of the use of calcium 
hydride as reducing agent for zirconium and titanium oxides, and discusses the controversial question of the 


possible advantage of calcium hydride as a more vigorous teducing agent than calcium because of the a 
of atomic hydrogen in the decomposition of calcium hydride, 


To solve the question of the actual extent to which atomic hydrogen participates in the reduction, two 
fundamental factors must be elucidated 


1) the thermodynamic conditions of the reactions of atomic hydrogen and of calcium with the oxide 


undergoing reduction, and 2) the possible actual concentrations of atomic hydrogen which can react with the 
oxide, 


We first consider the thermodynamics of these processes, 


Thermodynamics of the Reduction of Zirconium and Titanium Oxides 


The reduction of zirconium aud titanium oxides by calclum hydride yields not the pure metals, but their 


hydrides or solid solutions of hydrogen in the inetals, with dissolved hydrogen concentrations corresponding to 
the reduction temperature and hydrogen pomee. 


In practice the reduction temperatures of different oxides may differ, but to standardize the calculation 
‘method and to make the results more comparable we shall assume the reduction temperature to be 1000°; this 


will not affect the theoretical deductions drawn from the calculated results in relation to other angen 
and oxides, 


At 1000° C and wnmpuite ptessure the content of dissolved hydrogen In zirconium {s 78 cn? /g (1.e., 
corresponding approximately to the formula ZrH gg ) and in titanium, 63 cm'/g 27). 


The aggregate reaction of the reduction of, say, zirconlum dioxide by calcium hydride can be represented 
ag 


1000°C 
ZrO, + 2Call, gg 44 


This aggregate reaction may include the following particular sscstionn 


CaH, <2 > 
ZO, +40 Ze 201.0. atl) 
HO+Ca 72 CaO + 


Ze 4-0.321f, Zell, 


Hy. 


Thus, the aggregate Reaction (I) can consist of the following stages; 
Vactant A (teduction of ZrO, by atomic hydrogen): 


2(I1) +(I11) 2(1V) +(V); 
Variant B_ (reduction of ZrO, by 
2 (11) + (VI) + (VII) + 1.865 (VIII). 


Table 1 shows calculated values of the corresponding changes of free energy in these reactions for the 
reduction of zirconium and titanium oxides in standard conditions at 1000°C, 


TABLE 1 The free energies of formation of the 
Values of Free Energy Change at 1000°C in the provision eneenanitaiaia 
Reactions Shown in the Table 
The aF 100°C Values for the individual 
Value of reactions given in Table 1 show that the free 
Reaction iP seeee> energy decrease in reduction of oxides by 
aumber Reaction cat atomic hydrogen (II) is less than in the 
- : analogous reactions of the reduction of oxides 
| ZrO, +2CaH, by calcium (VI). 
+1.682511, *) | —66132 
| In calculations of for reactions 
4211 il, °) and 111°) it was assumed that the initial 
| TiO, +41 = —7215 owever, the equilibrium partial pressure 
atomic hydrogen in the dissociation of calcium 
| —3938% hydride, calculated from the equilibrium con- 
stant for this reaction at 1000°C, is only 
Vil’ —SA3A7 1-10°%™ atmos while, for example, in the 
a reduction of zirconium dioxide by atomic 
= 8 - 


hydrogen its equilibrium partial Pressure at 
1000°C should be 1°10 


atmos, 


— If these reactions are con«idered at the 
© The free energy changes In the reduction reactions atomic hydrogen concentrations which ate the 
of zirconium and titanium dioxides to give the metals equilibrium values for Calf, dissoctation, it ts 
or hydrides were calculated without intermediate tn to 
reactions such as reduction of TiO, through TiO being 
taken into account, as they do not affect the general met 


composition of Call, to the equilibrium state 
(in which molecular hydrogen is also involved), 


‘a solution of hydrogen in calciuin Is formed, 
over which the partial pressure of atomic hydrogen Hberated froin Catt, should, under equilibrium conditions, 


be equal to the partial pressure of the atomic hydrogen formed by dissociation of molecular hydrogen, There- 
fore the red: ong activity of atomic hydrogen in the system Ca~H_ must be equal in these conditions to the 


reducing activity of molecular hydrogz*. In othe: words, reduction of chemically stable oxides to the metals 
by atomic hydrogen the partial pressine of which Is equal to the cquilibrium value for the system Ca~Il (at a 
teal pressure of 1 atmos) will not occur at all, as the free energy change in this case is positive, — 7 


In the real conditions of rapid decomposition of calcium hydride at 1000°C the partial pressure of 
atomic hydrogen near the surface of tie Cath, particles will probably be above the equilibrium value, 


In the presence of an appreciable concertration of atomic hydrogen, the reduction of a chemically stable 
oxide could to some extent be effected also by atomic hydrogen, especially if the influence of the calcium 
which decomposes the water vapor formed in the process is taken into account, Therefore, the possible parti- 
cipation of atomic hydrogen in the reduction process is primarily determined by the ee of its possible 
real concentration, 


At atmospheric pressure and 1000°C the free path of a hydrogen atom before the first collision with a 
similar atcm is negligibly small, and therefore, the atomic hydrogen concentration will have appreciable 
values practically only at the surfaces of the decomposing calcium hydride crystals, Thus, the surfaces of the 
refractory oxide particles, separated from the calcium hydride particles by pores and inter-particle spaces, will 
be reached by negligibly small concentrations of atomic hydrogen, and therefore the free energy decrease in 
the reactions of reduction of refractory metal uxides by atomic hydrogen, at the existing concentrations in the 
conditions of calcium hydride dissociation, will be immeasurably less than in reaction (1). 


Hence it follows that the reduction of zizconium and titanium oxides by atomic hydrogen (by Variant A) 
{s less probable from the energy aspect than reduction by calcium (Variant B), and the use of calcium hydride 


in this instance offers no thermodynamic advantages (contrary to the former view) over direct reduction by 
calcium, 


In all the above discussions and calculattons it was assumed that the calcium is in the liquid state, and 
the fact that at 1000°C the vapor pressure of calcium is 12 mm Hg was ignored. This assumption does not in- 
troduce any error into the above thermodynamical calculations, as the calcium vapor in the closed reaction 
space {s in equilibrium with liquid calcium and therefore has the same free energy reserve as liquid calcium. 
However, the presence of an appreciable concentration of calcium vapor should have a favorable effect on the 
kinetic conditions for the reaction; the calcium vapor penetrating intothe pores of the briquet, acts upon the 
whole surface of the oxide particles, and thus ensures that the reacion proceeds rapidly and conipletely, 


Experiments to Study the Reaction Mechanism * 


To test the validity of the above theoretical considerations, certain experiments were cartled out; thes 
were not intended to solve technological problems and their purpose was to determine the mechanisin of the 
reactions of zirconium dioxide and titanium dioxide with 
calcium hydride, but they made it possible to compare the 
roles of calcium and atomic hydrogen in these reactions, 


The powdered oxides were pressed into cylindrical 
briquets in the form of separate tablets, These briquets were 
placed into a cylindrical steel case hermetically welded at 
the lower end (with a steel plug at the top end) on top of a 
briquet of calcium hydride or metallic calcium, which was 
150% of the amount theoretically reyutred for complete re- 

, duction of all the oxide briquets, The arrangement of the 
briquets in, the case {s shown In Figure (a). 


hed-6 mm 


The case with the briquets was placed in the steel tube 
of a vertical electric furnace and kept there for 1 hour in an 
atmosphere of purified hydrogen or argon at 1100-1150°, After 


Charging of the cases for the reduction cooling In the same medium, each belquet was powdered 

of zirconium of titanium dioxide by separately, treated with dilute acid and distilled water to re- 
calcium hydride. a) Direct reduction of move calcium) compounds, and dried. Samples from definite 
oxides by calctum of calcium hydride; b) layers (briquets) were then taken and analyzed for the zir- 


reduction by calcium) vapor; 1) oxide; 2) 
support; 3) calcium of its hydride, 


conlum (of titanium) and hydrogen contents In each layer. 


) 
a b 


In experiments in which the zirconium o¢ titanium oxide briquets were In direct contact with the calclum 
hydride briquet In a pure hydrogen atmosphere it was found that the oxide briqucts were reduced to a height of 
approximately 16 num from their surface of contact with the calcium hydride briquet (Table 2). 


TABLE 2 


Results of Reduction of i (and Titaniuin) — in mise Contact With Calcium Hydride 
Briquets 


Distance from middle ofeach TContents in sainple washed free from 

briquet of oxide to surface of calcium, % 

contact with calcium hydride, |zirconiumn hydrogen | of zir- 
mn «(or titanium) conium (or 

titanium) 

and hydrogen 


Zirconium - 98.9 99.05 
dioxide 97.65 98.73 
96.9 98.91 
95.2 97.20 
85D 


95.5 99.15 
dioxide pr 

94.5 98.04 

85.5 


As Table 2 shows, the sum of the contents of Zr + H or Ti + H in the reduced portions - the briquets 
reaches 99% (after removal! of calcium oxide by acid). 


The pores of the reduced portions of the briquets were found to be impregnated, in addition to calcium 
oxide (reaction product), also with excess calcium hydride, as shown by the evolution of hydrogen when the 
product was treatec with water, Consequently, during the reduction the fused calcium formed by dissociation 
of calcium hyuride was absorbed in the briquet pores by — forces, and was thea hydrogenated while the . 
briquet cooled in hydrogen, | 


To exclude the action of hydrogen Ubcrated in the decomposition of calcium hydride, experiments 
similar to those described above were repeated with the same oxides, but with metallic calcium instead of 
its hydride and in an atmosphere Of pure argon instead of hydrogen (Table 3), 


It was found that in these experiments the reduction was again complete in all the parts of the briquet 
impregnated with calcium (to approximately the same height as in the previous experiments),and in the case 
of zirconium the results were cven somewhat better and more consistent than with the use of calcium hydride 
in an hydrogen atmosphere, 


As is seen from Table 3, the zirconium content of the briquets in the zone of influence of the calcium 
(1.e., to a height of up to about 16 mm from the surface of contact with the calcium briquet) is, within the 
limits of analytical accuracy, close to 100% ($9.5-100 %), 


The quality of the titanium reduced under these conditions in an atmosphere of argon (9s- -99%) is worse 
than the quality of the titanium hydride reduced in a hydrogen atmosphere (98-99% total Ti + H), The reason 
for the difference {s that metallic titanium powder fs more strongly oxidized than titanium hydride when washed “—m 
with acid to remove calcium, . 


The purpose of the next serles of experiments was to exclude direct contact between liquid calcium and_ 
the beiquets of the oxide undergoing reduction, For this, zirconium oxide briquets were placed into a vertical 
steel case on a wire support at a distance of 4-6 mm above the surface of the calcium briquet (see figure, b» 
In this case the oxide briquets were acted upon only by calcium vapor, 


Total 
height of 
Oxide reduced 
layer, 
| 


TABLE 3 TABLE 4 
Results of Reduction of Zirconium (and Titanium) Results of Reduction of Zirconium Dioxide by Calcium 
Oxides in Direct Contact With Calcium Briquets Vapor (in Argon). 

(in Argon) 


[Distance [Concerts| Total Distance |Zircontum | Height of. | 
of zit- | heignt content in | reduced 
of re- clumand) briquerro | | layer, mm | 
Oxide ace of con- taniuin, | Wuced bri- |calcium 
tact with layer, quets, mm | surface, 
calcium, mm 


4.8 
Zirconium 4 100.05 i--6 ~10.2 
dioxide 100.00 ~1i6 16.8 1. 
44.0 1.50 20.7 7.0 


86.0 


Titanium 1.6 97.50 
dioxide 7s aoe ~ 10.6 These experiments showed that zirconium dioxide 
12.7 71.1 briquets were reduced by calcium vapor in an argon 
atmosphere to approximately the same distance from 
.’ the calcium surface (see Tabls 4) as in the previous 
experiments with direct contact between the oxide 
g a briquets and the calcium, and with the same high quali- 


tative result (up to 100% Zr), 


Therefore, even without contact with the fused calclum the oxide fs actively reduced by the appreciable 
concentretion cf calclum vapor above 1000°C PC are ® °c = 12 mm Hg) 


TABLE 
Reduction of Titanium and Zirconium Hydrides by * Their Own" Hydrogen 


Contents in a sample, | Contents in : product, | Increase of 


: the sum 
total of tie 
* hydrogen drosen 


Titanium hydride 94.35 2.34 96.69 96.10 1.93 98.03 1.39 
94.33 1.12 95.45 94.02°] 3.06 97.08 1,63 
93.52 2.78 96 ov 1.56 


Zirconiurh hydride 


17.5 
~12.6 
10. 
95.80 0.94 96.74 96.75 1.70 98 45 41.71 |. 
| 0.14 UG.74 96.75 1 76 08.51 +1.77 
95.07 | 96.81 96.16 170 +1.05 
‘ 
310 


Finally, ir the last setics of experiments an attempt was made to deternsine the reducing activity of at 
atomle hydrogen liberated by dissociation of the hydrides in absence of catclum, Tests were made of the 
possibility of adcitional reduction of zirconium and titanium hydrides containinated with oxygen (i.e., oxides) 
by “their own® hydrogen, 


The powdered hydrides containing 96-97% of the element and hydrogen together (the rest was oxygen) 
were made into briquets, additionally saturated with hydrogen for 30-6) niinutes at about 500°, and then 
heated in pure and dry hydeogen at 1100-1150°, when some of the hydrogen, because of its reduced solubility 
at this temperature, could be liberated from the hydrides in the atoniic state, 


The briqucts were cooled in a hydrogen atniosphere, Analyses of the hydtides treated in this way showed 
an increase of 1.4-1.7% in the sum of the element and hydrogen, but nevertheless, in this condition the re- 
duction was not complete (see Table 5), Consequently, partial additional reduction of the oxide films on the 
surface of the hydride grains towk place by active hydrogen liberated from the hydrides themselves, 


In addition, experiments were performed on the reduction of zirconium dloxide by atomic hydrogen 
liberated fn the dissociation of tanialuim hydride, . The method used for these experiments was similar t» that 
described above (sce figure, a ). : 


The zirconium dioxide briquets were placed in a vertical stcel case lined with sheet tantalum, on top 
of a briquet of tantalum powder Previously saturated with hydrogen (one voluine of tantalum absorbs up to 


700 volumes of hydrogen), The cases were held in a hydrogen atmosphere at 1190°, However, zirconium 
dioxide was not reduced in these conditions, 


It is probable that the atomic hydrogen Mberated from tantalum hydride outsice the zirconium dioxide 


briquet tecombincs rapidly into molecular hydrogen at the tantatum surface and therefore it exerts peel . 
no teducing effect on the oxide briquct, 


Another difference between these and the preceding experiments is that, 2s the result of decomposition 
of the hydrcgen- saturated titanium or zirconium hydride, hydrogen is liberated throughout the thickness of the 
briquet, displacing water vapor (reaction product) from ~ briquet pores and so shifting the reaction in the 
direction of reduction, 


SUMMARY 


a Thermodynamic calculations for the reduction reactions of the oxides of zirconium gnd titanium and 
special experiments were used to compare the reducing activities of calcium hydride and of the calcium and 
atomic hydrogen liberated in its thermal dissociation, 


It {s shown that the free energy decrease in the reactions between atomic hydrogen and zirconium and 
titanium dioxides fs less than in their reduction by calcium in an: atmosphere of molecular hydrogen, even if 
it is assumed that atomic hydrogen can exist in a metastable state at a partial pressure of one atmosphere. In 
teal conditions of the process the partial tenes of atomic sytiegee is negligibly low, which sharply diminishes 
its reducing activity. 


This shows that the existing view that the high reducing activity of calclum hydride . to be explained 
mainly by the action of the atomic hydrogen liberated is erroneous, 


2, Calcium reacts with chemically stable oxides above 1000°C not only in the liquid but also in the 
Vapor state, which creates favorable conditions for acceleration of the process and for complete reaction of the 
calcium with particles of the oxides undergoing reduction, 


3. The active hydrogen liberated in the dissociation of hydrides of metals at tempcra: tes 
above 1000°C can to some extent reduce the thin oxide films on the surfaces of crystals of these metals (or 
hydrides), 
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RADIOACTIVE CONTAMINATION OF THE ATMOSPHERE 


tL. Gedeonov 


This article is a review of foreign works on the study of radioactive contamination of 
the atmosphere due primarily to diffusion of fission fragments from atomic tests, Several 
properties of fission fragment activity, namely its decay tate and the composition of its 
tadiation, are considcred, and methods are described for monitoring the fallout from the 
atmosphere and calculating the resulting radiation dose, The cose is almost everywhere 
much less than the permissible limit, At several places, however, fallout densities and 
activity concentrations are observed which are close to the allowable limit, A method 
for constructing the trajectories cf air masses is briefly described, and it fs shown that 
radioactive clouds migrate over the whole world, producing a radioactive layer in the 
atmosphere at an altitude of 8-12 km consisting primarily of the long-lived nuclides Sr, 
and Of the fission fragments contaminating the earth's surface the most 
dangerous {s Se which has the property that it accumulates in the organisms of domesti- 
cated animals and thus enters the human organism, The radiation level at points far 
from the test areas is at present far below the allowable limit in the sense of the possible 


occurrence of somatic diseases, although even at the present radiation level, effects on 
posterity cannot be excluded, 


When atomic and thermonuclear bombs are exploded a large amount of radioactive matter enters the 
atmosphere, Lapp [4] and Sittkus (S] assert that several days after an explosion the amount of this radioactivity 
can be measured in millions of curies, According to an evaluation performed by Rottblatt [6] in one case the 
activity of substances in the atmosphere eight hours after an explosion was 10"!.10™ cuties, 


When an atomic bomb of average size explodes, the total activity of the fission products is 8,2 x 10 
curles one minute after the explosion, and 2.3 x 10° curies at the end of the first month (7). 


The radioactive dust rises to an altitude greater than 30 km, after which radioactive particles begin 
gradually to settle out, If the density of the substances of which the dust particles is composed is tal.cn as 3, 
the average precipitation rate of particles with a diameter of 100 p is approximately 60 m/min [8], Therefore, 
gtavitational precipitation may play a dominating role in settling out relatively latge particles, Particles of the 
same density, but with a diameter of 1 y precipitate at the rate of 0.6 cm/min. For such slow precipitation 
of small particles, the dust may be carried by air current to practically any point on the earth, perhaps even 
circling it more than once, Therefore the effects of radiation emitted by fission products may appear anywhere 
on the earth, 


If we assume that at some time the total activity of the fission products fs § x 10° curfes and that the 

_ tadioactive substances are distributed uniformly over the whole globe in a 10 km thick air layer, the radioactive 
concentatfon in the air should be about 10°" ye /em® (5), The natural radivactivity of the alr due to radon 

and its daughter elements fs on the average 10°! ye/cni®, Comparison of these numbers would seem to lead to 
the reassuring conclusion that the additional radiation duc to fission products is of no significance, It should, 
however, be noted that it Is possible to accumulate long-lived nuclides which are extremely harmful blologically, 
Furthermore, the distribution of radioactive contaniination over the eartir’s surface is not actually uniform, and 
one may not exclude the possibility that at some point there will appear 2 s:fficiently tiigh concentration of 
tadloactive fission fragments (9-13), 
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Radioactive contamination of the atmosphere must be taken Into accourt when measuring the radio- 
activity of substances, when prospecting for radioactive minerals, when preparing photographic emuisions, and 
soon, Soon after the world's first atomic explosion in 195, Webb [13] reported the unusual radfoactive con- 


tamination of a carton used for packing photographic materials, and established the ental cite nature of 
this contamination, 


At the present time observations are performed everywhere (7, 14-15]. Special bureaus have heen 
organized in the U.S.A, and Japan to monitor the atmospheric radioactivity (4, 9, 10, 15-17} in France (18], 
Germany (5, 19], Italy [20], and Canada [21] many laboratories devote time to the Investigation of these 
phenomena, A network of observation points has also been organized by the Academy of Sciences, USSR, . 


Artificial radioactivity is an excellent method for labelling air masses, Many meterologists and acrologists 
have made use of this fact. In recent years the study of natural atmospheric radioactivity has been significantly 
revived (18-34). The necessity for performing measurements of very weakly radioactive substances provided new. 
impetus to the development of fine and extremely sensitive methods for the solution of problems related to the 
observation of atnospheric radioactivity [1, 7, 14, 22, 35- 41}. 


In studying artificial atmospheric radioactivity, the following main directions are being taker 


The gross fission product radioactivity is being studied with extreme care; the following points are being 


examined: the composition and energy of the radiation, the type of radioactive decay, and the contribution of 
the separate nuclides to the total radioactivity, 


Constant daily observations are taken of the sea-level density of radioactive fallout so as to determine 
the present radiation dose of the population [5, 8, 9, 10, 12, 15-17), which fs necessary, in particular, to de- 
termine the possible genetic effects of radioactive atmospheric contamination (42-44), 


In order to determine the dose which can be obtained by breathing radioactive dust, the concentration of 
radioactivity in the sir is systematically Investigated [5, 7, 8, 15, 45-47). 


Meterological observations are being performed on the movements of labeled air masses, and the possible 
effect of explosions and radioactive contamination on the weather fs being studied (5, 14, 17, 19, 29, 48-52). 


Radlochemical investigations of the composition of aerosol are being performed so as to study the separa- 
tion of various elements as they travel through the atmo:phere (9, 10, 24, 27, 53], since this is an essentially 
new geochemical tool, namely the application of labeled atoms to the investigation of geochemical processes, 


1. The Gross Fission Product Radioactivity 


The radioactive properties of the gross fission product of U™ have been investigated by Way and Wigner 
(S4]. The decay zate of the gross product decreases constantly, since the short-lived elements gradually *drop 
out of the game." To a sufficient degree of approximation, one may set up the formula 


A, = 


where A, Is the radfoactivity of the gross product at a time t after fission, A, is the activity at a unit time 
after fission, and y depends on the composition of the mixture investigated, Way and Wigner give y = 1,2 
for the gross fission product, When fragments are collected from the atmosphere , there may have taken place 
a separation slong their path of flight or in the process of treating the speci ens, Nevertheless the radioactivit 
of actual atmospheric specimens decreases according to this law [9, 10, 14, 19, 55). Various values from 1 to 
2.1 are given for y and according to the observations of many authors the values they give will describe the 
decay of ilssion products of various ages and for long term observation, Other authors state that for differem 
ages of the fission fragments, the decay fs described by various values of y. Chatterjee (55) proposes that the 


question of the value of y be solved separately for each specimen, using the method of successive approximas . 
tions, 


For most of the atmospheric specimens, y may be considered constant and close to 1.2. Sometimes 7 
is observed to decrease in time. This is explained by contamination of the specimen by long-lived nuclides, 
Radioactive clouds of vatious ages, migrating over a long period of time, gradually mix with each other, Asa 
result there are always long-lived substances In the atmosphere, and these give a background radioactivity, Some 


admixture of these substances to *fresh® samplcs will be negligibly small before the latter have aged, so that 
the decay will take place according to the Way-Wigner law with y close to 1.2, As the activity of the *fresh® 
nuclides begins to decrease noticeably, the relative background increases, so that the decay rate decreases and 
is described by y less than 1,2, In the case of higher decay rates with y as large as 2.1, either a separation of 
the fission fragments was known to have taken place (for instance, in measuring the radioactivity of samples 
obtained by burnin, the skin of fishes caught in the Pacific Ocean (9, 10], of else the rad{oactivity included 
that due to the effects on the surrounding substances of neutrons produced in the explosion; this additional 
activity is due primarily to short-lived isotopes of several elements, ; 
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Fig. 2. Relative radioactivity of product nuclides in the gross fission product radioactivity of u™s (first 1.5 years), 


It fs often necessary to know the contribution to the total radioactivity from one ot another nuclide, For 
this purpose Hunter and Ballou (56) performed a calculation based on the fission product yield of u™ and the 
half-lives of the fragments, The results of these calculations are shown in Figs, 1 and 2, 


A similar calculation has been performed for the fission product radioactivity in reactors (57). 


To perform absolute measurements and dosage evaluations, it is convenient to find substances whose 7 
and 8-radiation is equivalent to that of the atmospheric samples, For this purpose absorptionmeasurements 
have been performed for the y and B-rays emitted by samples containing atmospheric activity, Figure 3 
shows a typical absorption curve for B-radiation, obtained by Clark (49). The sample was about two days old, 
Although the curve is typical for a complex mixture of emitters, it can be divided into three parts, whose 
average energies are about 0.8, 0.3, 2nd 0.1 Mev, Wheler and co-workers [8] found that a mixture of frag- 
ments several days old has an average B-encryy of ahout 0.95 Mev, Asa standard foe measuring the B-activity 
on the fission products, they recommend TI, Sittkus (5) assumed that for the mixture of radioactive products 
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from the atmosphere, the counter efficiency is the same as for the B-sadiation of potassium, A group of 
scientists from the Naniva University Qapan) (9) have performed a spectral analysis of the 8-rauiation of 


radioactive dust using a 6-spectrometer, It was found that radiation with an lower than 0.4 Mev pre- 
doniinates, 
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Fig. 2, Relative radioactivity of product nuclides in the gross fission product radioactivity of ues (teom 150 days 
to 80 years), 


Literature on the gamma-radiation from the fission products fs very scarce, In the communication from 


the American delegate to the U.N, ScientificCommittee on the Effects of Nuclear a (59) the mean 
gamma-ray encrgy is assumed to be 0.7 Mev, 


The works mentioned here are separate and disconnected and it fs therefore necessary to undertake a 
systematic study of the properties of fission products in the atmosphere, 


2. Radioactive Fallout 


The fallout of radioactive products from the upper layers of the atinosphere should be characterized by 


the surface density of the fallout at the earth's surface and the radioactive concentration in the lowest level 
of the atmosphere, 


Every day some amount of radioactive matter is deposited on the carth’s surface, most of it descending 
with atmospheric precipitation, Several methods for collecting these substances have been proposed (5, 8, 15 
18, 38, 59). The most cominon fs the collection of settling radioactive dust on adhesive papet or film, In the 
U.S.A, there exists a special bureau organized by the Ecalth and Safety Laboratory of the A, E,C, (8, 15, 59). 
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There exist more than 100 observation points where adhesive film is expescd to the open air every dzy. The 
exposure tine ts 24 hours, after which the film is folded and sent to a laboratory in New York, where the in- 
vestigation of ihe radioactivity is carried out, 
Here the film is incinerated and a saniple is 
prepared of the ashes; no earlicr than one day 
after the collection, when the natural radio- 
activity has decayed, the B-activity of dis 
sample is measurcd, The measuring process Is 
automatic, The radioactivity of daily fallout 
can be normalized to unit area, and thus its 
density may be determined, The fallout 
{is conveniently mea:uted in units of pyc/m*, 
The counting apparatus inust first be calibrated 
in order to find the total number of cecays from 
j the number of count per minute of the sample, 
By knowing tie total numlice of decays and the 
area of the filin onto which the radioactive 
matter was deposited, the fallout density may 
be determined. 
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1200 72 In Japan the collection {s accomplished 
in vessels containing some water (60). The 
American delegate to the U, N, Scientific 


Fig. 3. Absorption curve for 8-radiation from Comniittee Nuclear Radiation 
fission fragments (rain specimen), (59) recommends the use of deep containers 
i with a small quantity of water, A comparison 


of this method of cotlection with the adhesive 
Paper methed showed that the water-container 
method is more efficient by a factor of 1.5, 
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By long and continuous observation of the 
fallout densiiy it is possible to evaluate the 
ainount of radioactivity accumulated at any 
place, This is done by taking account on the 
one hand of the dafly radioactivity added, and 
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on the othe: hand of the decrease in the radio- 
3 qo 4 4 activity due to decay and the action of natural 
2 factors, such as soil drainage, evaporation, 
_ chemical exchange, etc, In actuality the cal- 
2 wt Z ee culation is based on the amount added and the 
yo 47 y decay, and tie effect of the remaining factors 
6 has not yet been well studied, It is thercfore 
1133 off interest te calculate the accumulation on the 
is Date basis of Jccay only, and then to compare the | 
activity level of the soil as predicted by this 
Fig. 4. The accumulation of fission products in the calculation with its actual activity, This come _ 
northeastern United States, as given by experiments ‘parison fs coavenicnt to make for a single arti- 
performed from the beginning of 1951 to 1, ficlally created nuclide, Since is biologically 
1955, the most dangcrous one, it is the most important 
The cross-hatched regions correspond to periods during. one to determine, The American bureau has 
which series of tests were carried out in the U.S.A, __ perforrned such determinations [8, 15, 59, 61). 


Figure 4 shows the resits of calculation for the 
total accunulated radivactivity den-ity duc to 


fission peeducts averaged over the 
region of the U.S.A, The saine figure shows the Sc™ content calculated for a unit area of soil, From 1:61 to 


1955 the total activity accumulated on the carth's surface has Increased significantly, The caiculated s® 


I) total radioactivity; 
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content In the soil has increased by a factor of more than 100, According to the data from 17 stations in the 
U.S.A, it is found that the Sc™ content is higher on the average than that given by calculation, 


On the basis of data on the accunwlated radioactivity of the fission products, we can calculate the y- 
radiation dose to which an organism {s subjected if continuously exposed at a contaminated point, To do this, — 
it is necessary only to establish the relation between the surface density of the total fission fragment radio- 
activity and the y-ray dose intensity duc to this contamination, The first calculations of this relation were 
undertaken by Thirring [62]. There exist also experimental results for determining the y-ray dose intens! 
due to a given radioactivity ra density [15]. For instance, for a contamination density of 120 mc/m 
the y-ray dose Intensity is rad/hr.* In mote convenient units, the proportionality factor becomes 
21 a aT On the basis of other data [63] however, this factor is only 10.8 ee tad / sue. cute Such dis- 
agreement between the data in the literature indicates the necessity for more wal experiments in order to 
clarify the dependence of the dose intensity on the fallout density, 


It is accepted practice to determine the danger due to radioactive contamination of the soil from the — 
y-tadiation alone, This is because it is assumed that humans do not spend any significant time in direct con- 
tact with the soil, and that footwear and Clothing absorb any 6-radiation, 


When the dose intensity is determined, the total dose for infinite exposure {s not difficult to calculate. 
The dose intensity decreases in time together with the activity according to the Way-Wigner equation, Integra- 
tion of this expression over time will give the total dose. The results of such a determination are shown in the 
graph (Fig. 5) (4), where 100% is taken as the dose for infinite exposure at a contaminated place; the doses _ 
obtained for other exposure durations can be found from the graph, It can be seen that a large part of the total 
dose, about 50%, is obtained during the first days, and that 73% of the total is obtained during the fire month 
of exposure in the contaminated region, 


Total dose as 
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Fig. 5. The radiation dose as a function of the exposure time | 
in a region contaminated by fission fragment activity, 


The absolute value of the radiation dose seldom attains a value somatically dangerous in any degree, As 
a rule, the fallout which {3 observed gives a dose which varies between the limits of 0 and 100 mrad, Such a 
dose is far below the maximum allowable one, 


In addition to surface radiation, radioactive substances settling out on the soll can be dangerous by entering 
into the organism, Cases of contamination have been observed for vegetables, fruit, water reservoirs, and grass In 
pastures (9, 10), This situation requires particularly careful study, since food may become a source of human 
contamination, 


© Arad fs the untt of absorbed energy which corresponds to about 1. 2 roentgens of radiation for human and 
animal tissue, 
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64, 65). 


Radivactive Contamination in the Air 


Ia addition to the biological effect of y-tays from radioactive fission fragments settling onto the ry 
racloactive dust may enter the organism also by breathing, It is known that a human inhates about 10 m > of 
ale on the average in 24 Lours, This volume of air may contain a significant amount of radioactive dust even 
in small concentrations, and this dust, entering the organism, may be dangcrous, Therefore, even some time 
ago, several laboratories [5, 7, 10, 14, 15, 18-21] performed observations of the radioactivity concentration in 
the afr, Various types of apparatus bave been —— to collect dust by filters of other means fi, 3S, 38, 


Tue measurement of the radivactivity of samples so obtained performe:] after the radioactive 
substances have decayed, The measuring apparatus fs first calibrated so as to obtain tie activity in curies, If 


the volume of air fron: which the dust is collected is known, one can calculate the radioactivity per unit volume, 
i.e., determine its concentration, 


In determining the radioactive concentra- 
tion In the air, it is important to use collecting 
FE et Methods whose efficiency is either 100% er can 
be accuratciy calculated, In the recommenda- 
‘5 2 _— tions of the U.S.A, to the UN [59], it is stated 
P that little is known as to the distribution in size 
2 of the artificially radioactive atmospheric dust 
Particles collected at large distances from the 
—_—_ test points, One can assert only that the di- 
mensions of the radioactive dust particles are 
, most often less thar 5 #. A quantitative study 
of the dimeasions of particles less than 1p has 
7 not yet been undertaken due to the technical 
—_— : difficulties, It may be assumed, however, that 
2 the dust contains many particles whose dimen- 
e . sions are less than 1 #, 1t is thus important to 
, collect particles whose dimensions ate at least 
4s low 230.2 At present many types of 
~ filters have bern suggested which are capable 
; of collecting such particics, The air intakes 


4 used are usually of the dust-collecting fan type 
[7, 8, 14, 15, 39, 59). 


P The detesmination of the radioactive dust 
concentrativn in the air is performed primarily 
“altitude km at relatively low alcinudes; f.e., that layer of 
air is studied which is breathed by living organisms, 
; The results of many such determinations have 
Fig. 6. Vertical distribution of radioactive sub- : been publised [5, 8, 15, 18, 38, 46, 47, 64, 65). 
During the tests Jn Nevada, U,S.A, in the Spris 
1) 13.08, 1954 Tateno (near Tokyo); 2)23,12, ng U,S.A, Spring 
of 1952, the maximum radioactive contamina- 
1954 (Tokyo); 3) 13.01 1955 (Tokyo, 4) dd f the al : 4 in Elko, Nevad : 
2,02. 1955 (Tokyo); 5) 22.02 1958 (Tokyo), 
was 23-107 curies/m®, According to 
Ishii [66], from Augusi 1954 to February 1955 
a concentration of the ate of 10°™ curies/n? was observed in Tokyo, f.e., a concentration several thousands 
of times greater than in Elko, When the fallout density and radioactive concertcation are continuously monitored, 
no correspondence fs observed between the variation of these quantities, 


So 


In addition to determining the radioactive concentration in the lowest layer of the atmosphere, it is 
Interesting to study the dependence of this concentration on altitule, The fission fraginent distribution in the 


atmosphicre is of interest not only in studying the effects of radioactivity on livi- “ig orgaaisms, but also in tne 
vestigating the movement on alr masses, 


my 


The opinion exists® that a continuous accumulation of fission fragments fs taking place in the strato- 
sphere, and that fragments of various ages ate gradually becoming more and more intermixed, These substances 
Partially settle out of the atmosphere onto one or another region of the earth, This assertion fs somewhat moot, 


Several investigators believe [5, 10, 19) that the atmosphere Is “cleaned® of fragments in a telatively short time, 
say in three or four months, 


The investigation of the raJioactive dust in the upper layers of the atmosphere Is undertaken with the ald 
of radiosondes and aircraft (66). Figure 6 presents the results of measurements in five counter-cartying balloon 
ascents in the neighborhood of Tokyo in 1954-1955, It was found that the maximum radioactivity {s located 
near the earth and at an altitude of 8-12 km. Parallel experiments on the collection of dust by aircraft leads 
to the conclusion that almost all of the activity at 8-12 km is due to fission fragments, 


4. Meteorological Observations 


Investigation of the paths taken by the fission fragments, their velocity, their time in the atmosphere, etc., 
requires knowing in which explosion they were produced, This can be done by determining the age of the 
radioactive cloud, even if the time of the explosion fs unknown, If the position of the explosion is known, its 
time can be determined from the time at which the shock wave arives, which fs registered as an anomalous 
maximum on a n.icrobarograph [10, 69] When, however, the explosions follow each other after intervals ot 
several days, it is difficult to determine from this data which explos{on:preduced the fragments collected at 
one ot another observation point, Therefore the age of the fragments is determined better from their specific 
radioactivity, Since the decay rate of the fragments is known, observation of the decay of a sample can give 
its age, In principle, two measurements will suffice. In practice, a graphical method fs used to determine the 
age from the measured data, By plotting the ordinate in terms of the quantity 


VA 


and the abscissa In terms of the data of measurement, a straight line graph can be obtained with an intercept on 
the abscissa corresponding to the test data. This method has been used by many authors (5, 14, 19, 50, 55). 
The approximate value 1, rather than 1.2 as given by Way and Wigner (4), fs eeemeaans used for y, An example 
of a dating graph is shown in Fig, 7, (55). 
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Fig. 7, The determination of the date of a nuclear explosion on 
the basis of the Way-Wigner formula (with y = 1.3) from the decay 
of two atmospheric specimens collected in Calcutta, 


* Described in the report of die English committee on the effects of nuclear radiation (July, 1956), 


+. 206 
320 | 


The age of the fragments at their arrival time dztermines their Might time from the explosion point to 
the observation point, If there ts a network of observation points ft is thus possible to follow the path of the 
fragments for long distances (17, 11, 48-50, G0, 67). The radioactive clouds may pass over several points 
without causing any radivactive fallout, On the other hand, at any point the effect of the fragments may be 
measured several times, Fragments from a single given explosiun may appear several times at various significant 
time intervals and in the intervals the effect of fragments due tu other tests imay be observed, Therefore the 
trajectory of the air masses from the test points is raced out on the basis of ordinary meteorological data, and 
{is then compared with the results of observations of radioactive fallout (50, 67, C8). The construction of 
these trajectories fs extremely interesting for the study of various meteorological factors which take part in the 
motion and precipitation of fallout, Figure 8 shows such a construction (68) for the motion of fission fragments 
from an explosion in the Las Vegas, Nevada, U.S.A, region on May 25, 1953. 
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Fig. 8. The trajectory of air masses starting at 3:30 PM, May 25, 1953 from 
the explosion point in Nevada, The trajectories are traced along levels with 
pressures of 200 millibars and 500 millibars, 

The approximate position of the line of constant alr mass current {s also shown, 


. In the process of studying the migration of radioacuvity in the Northern Hemisphere, it was gradually 
seen that the radioactive clouds at high altitudes are moved by the prevailing constant air currents in a general 
easterly direction at an aver2g* velocity of 1000-2000 km per day [60]. Sometimes this velocity is as high as 
3000 km per day. In its motion, the radioactive cloud sometimes breaks up, its motion is complicated by 
atmospheric perturbations, and gradual diffusion takes place, As a result, the effect of this radioactive cloud 
can be observed almost all over the hemlsphere, 


In consequence of the wide establishment of observation stations (7-9, 14, 15, $9], it was seen that the 
various fragments are often separated; this sceins to be related to the various geochemical behaviors of the 
elements whose lsotopes are ainong the fragments, 


8. Radlochemical Analysis 


A radiochemical analysis of atinospheric specimens is necessary to solve many problems, 


The first problem consists of verifying whether of not the atmospheric radizactivity fs due to fission 
fragments, In addition to fission fragments, radioactive nuclides are observed which are prodiiced by the effects 
of radfation on the matter sutrounding the explosion point, Thus, in Japan analysis of ash due to the Bikini tests 
of 1454 Indicated the presence of induced activity of S* and Ca** (9, 10, 12, 45-47, 53} 


Raviochemical analysts also tesolves the question of the composition of the radioactivity from the point 
of view of its health hazard. Short-lived fragments are less hazardous when they enter the organism than are 
long-lived ones, It Is alas Limportant to know whether specimens contain ralivactive fsotopes of those elements 
which can be assimilated without elimination, dius accunmlating in the organism, In this respect, radioactive 
strontium is particularly dangerous, When it enters the organism, almost ail of ft remains in the bone tissue, 
Among the fission fragments are the isotopes Sc” and Se®, the latter having a half-life of 18 years, 


The third «question is the separation of the fission fragments as they are carried through the atmosphere, 
It is interesting to study the composition of radioactive specimens from a single source collected at various 
points along the path of the radivactive cloud (2-10), A difference in the composition of these specimens 
would give an indication of the separation along the line of flight, which is {important for the geochemical 
study of the behavior of many elements, 


At the present time there exists no study generalizing the results of work on radiochemical analysis, 


The most complete study, from the radiochemical point of view, was that of the fallout in Japan in the 
spring of 1954 (9, 19,52). Among the radivactive nuclides were found most of the possible fission fragments, 
The quantitative ratios of the various nuclides in the total makeup of the radioactivity was determined, = was 
established that in older specimens the main part of the radioactivity is due to the nuclides Se” and Ce™ 


Fn samples about 25 days old, a significant role should be played by Ba™® and its daughter La™®, as well 
as Pr, This was actually observed, though the activity of Ba™® and La® were much lower than that cal- 
culated, This decrease would seem to be only apparent and due to the fact that in calculating the weight of 
the barium: carrier introduced in the radiochemical analysis, the weight of barium) contained in the atmospheric 
dust was not taken into account, though it is present in measurable quantities. The radioactive dust often con- 
tains U2" which is produced in the explosion from U™* by the (n, 2n) reaction, In several cases the a@- 
emitter Pu™® is observed which has not undergone fission in the explosion; together with Sr™, this is one of the 
most dangerous components of artificial atmospheric radioactivity, 


6. Blological Effects 


The presently observed fallout density of radioactive fission fragments and their concentration in the air 
does not on the average reach a dangerous level. At several separated points, however, fallout has occurred 
which gives a dose extremely close to the maxiinum allowable limit, It often occurs that the radioactive con- 
centration in rain water is greater than the maximuin allowable limit (5, 60). In this connection recommenda- 
tions have been put forth for the purification of rain water from radioactive containination (60). 


The somatic effects of radioactivity on the organism are at present studied in sufficient detail under the 
name of radiation sickness, Up to the present time radiation sickness has been cbrerved during times of peace 
in unfortunate cases ducing tests [9-11] and although these cases are isolated, tie number of victims fs already 
large; no cases of radiation sickness cue to atinospheric radiation have been recorded at large distances from 
test areas, 


There Is, however, as yet no complete assurance that the effect of radioactive contamination of the ate 
mosphere is harmless (42). Tlie concept of the maxinum allowable dose itself is continuously undergoing 
criticism and reappraisal (42, 69, 70). 


* In recent years the question of the genctic aftereffects of radioactive fallout over the whole world has 
been actively discussed (4, 6,42, 71). A quantitative solution of this problem requires further observations 
and experimentation in the field of genctics, It cannot be doubted, however, that excess radiation obtained by 
an organism without harm to itself nay cause serious irregularities in future generations, which it is claimed 
can have adverse effects on - species, Of all the fission products of mange and plutonium, the most dangerous 
is the radioactive fsotope Se™, Together with its long half-life (18 siti Se™ easily enters the organism and 
becomes firmly established my the bones together with calcium, F ; 


In entering the organisms of domesticated animals, in particular cows (72), a large part of the strontium 
is eliminated with milk and may thus enter the humar organisms with food, It should also be emphasized that 
according to the most recent investigations (73, 74), the Se™ content In the soll has a tendency to Increase, 


According to the data p.esented in & review by Indian sctentists (75), after the explosion of a powerful 


hydrogen bomb, the dose of radioactive strontium for each human _— or the earth attains a quarter of the 
maximum allowable dose, 
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LETTERS TO THE EDITOR 


SOURCE OF MULTIPLY-CHARGED NITROGEN IONS FOR A CYCLOTRON 


P. M. Morozov, B N. Makov, and S. loffe 


In (}] there was a description of a cyclotron fon source which furnished triply-charged nitrogen fons, 
Below is presented a brief description of a cyclotron source which Is capable of pantie: ot 
nitrogen fons, 


The strongest fonization of molecules by electron impact is found in an oscillating discharge, in a strong 
longitudinal magnetic field in which a high current-density of fast electrons is achieved, We have developed 
an fon source which makes use of this effect; the design of the source is shown in Fig. 1. It consists of a dis- 
charge chamber, an anode A, a cathode C with an indirect heater H and a reflector R. The discharge chamber 
has cross-sectional dimensions 10 x 19 mm and the length of the chamber is 100 mm, 


The gas fs admitted to the discharge chamber uniformly over the height, through a series of apertures 
drilled in the walls opposite the exit slit, The dimensions of the ion exit slit are 2 x 20 mm. 


The chamber {s made from graphite or red copper. In the latter case, the chamber {s water-cooled and 
the wall E which contains the exit slit is made from molybdenum, 


The indirectly-heated cathode consists of two main components a tungsten parallelopiped C with cross- 
sectional dimensions 7 x 7mm and 14 mm In length and a tungsten filament H, 1.2 mm in diameter, The 
tungsten parallelopiped is the working cathode fcr the arc discharge, It is heated by bombardment of electrons 
which are emitted from the tungstea filament and accelerated by a potential difference which is applied between 
the filament and the working cathode, The maximum power required for heating the cathode is 800 watts at an 
electron current from the filament of 0.8 amp and an accelerating voltage of 1,000 volts, 


The filament Is heated by an 80-amp alternating -current source at a frequency of 10° cps. To reduce the 
heater power in the working cathode when the discharge is fired, and to achieve a uniform emission over the 
surface of a cathode, thereby also achieving uniform evaporation, the side surfaces of the cathode are covered 
by a molybdenum shield S, The shield and the operating cathode are mounted on a molybdenum plate which 
{is connected to the cooling water by a red-copper ring. 


Opposite the cathode, at the other end of the discharge chamber (anode), supported % an insulated and 

_ water-cooled electrode, there fs a molybdenum cap of cylindrical shape R which covers the entire cross section 
of the discharge chamber. This electrode is at potential of the cathode; hence, primary electrons from the 
cathode, having passed through the fonization region, are "zeflected” and returned to the discharge space of 

the chamber, executing multiple oscillations, © 


In order to avold the possibility of fon charge exchange along the path from the region in which Gey 0 are 
produced up.to the exit slit of the source, the working cathode {s positioned in such a way that the boundary of 
the primary-electron lonization region {s directly against the plane wall of the discharge chamber in which the 
fon-exit slit Is drilled; the thickness of the wall at the boundaries of the exit slit is made extremely thin for 
this purpose. 


The use of an indirectly-heated cathode in the cyclotron source makes it possible to increase considerably 
the period of continuous operation as compared with a source in which a directly-heated cathode {s used, Another, 
No less finportant feature of the indirectly-heated cathode fs the fact that {t allows the use of a simple electrontc 
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scheme, in the cathWe-he ater circult, for automatically maintaining a chosen mode of operation of the arc 
discharge from the instant the source fs switched on until the working cathode disintegrates completely. This 


circuit fs shown in Fig. 2. 
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The fon spectrum produced in a prototype of this source was studied in a mass-spectrometer with 100° 
fon deflection in a uniforin s.agnetic field, The fleld strength was 7,000 gauss (the source was located In the 
same field), The fons were accelerated by a potential difference of 30 kv. 


The yleld of N*, N?*, N°*, and N** fons were plotted as a function of discharge current, discharge | 
voltage and the flow of gas admitted to the chamber. Typical functions showing the absolute current strengths 


for N*, N?", N?", and N*" tons as a function of discharge current for a voltage of 300 volts are shown in Fig. 
3. 


The curves shown in this figure indIcate clearly the growth of the current of multiply-charged fons as the 
discharge current fs varied from 1 to 9 amp, and that this growth, occurs more rapidly for higher fon charge 
multiplicities, Precisely this type of dependence on discharge current Is to be — on the basis of the 
step mechanism for the production of analtighy-changee fons (2). 


Along with the foregoing, it was also established that there are —_— of operation of the discharge in 
which an increase of the discharge current causes a reduction in the output of multiply-charged ions. Curves 
{llostrating this type of °anomalous® dependence of the spectrum on the discharge current are shown in Fig. 
4, in which it is apparent that under these conditions there {is a transition through a maximum simultaneously 


for N** and N°* fons at values Iy = 3.5 amp and a sharp reduction in the intensity of these fons in the region 
of high discharge current, 


This anomalous behavior. is observed at small starting pressures in the discharge chamber when the den- | 
sity of fon current to the cathode fs still comparatively small and when, in increasing the discharge current, 


one increases the external heating of the cathode in order to provide the required arcane emission, (Non- 
self-sustaining discharge), 


Measurements with a Lecher-line wave meter have shown that under pom conditions radio-frequency, 
oscillations in the decimeter range are generated and the intensity increases with discharge current, The pro- 
duction of radio-frequency oscillations was also found when there was a significant electron current to the re- 
flector, In the mode In which intense oscillations were observed, the current to the collector was electronic 
current and the magnitude was comparable with the discharge current, 


In going over to high pressures, the discharge gradually assumed the nature of a sotf-sestataing discharge 
exhibiting an increased fon current to the cathode; the fon heating effect at the cathode becomes comparable 
to that of the external source, In operation in the self-sustaining mode, the strong radio-frequency oscillations 
were not observed and the spectrum exhibited a greater abundance of multiply-charged fons, 


The physical mechanism by which the yleld of multipiy-charged fons is reduced when strong oscillations 
take place was not specifically investigated, It may be assumed, lowever, that the oscillations lead to an 
increased electron diffusion rate across the magnetic field and thus tend to reduce the number of oscillations 
which the electrons execute in the direction of the field between the cathode and the reflectors, 


Another basic discharge parameter which has a strong influence on the fon spectrum Is the pressure in the 
discharge chamber, Curves showing the dependence of the spectrum on pressure are shown in Fig. 5 (ly * 
= 5.0 amp; Vg = 300 volts), In taking these curves the pressure itself is not directly measured, The concept 
of a “pressure® has no direct meaning in this type of operation in which a high degree of fonization {s achieved 
since the concentration of neutral particles is not the same over the cross section of the discharge chamber. 
Thus, a meaningful parametc: in this case fs the flow of gas q admitted to the chamter; q is taken to be 
the gas flow for which the pressure in the discharge chamber fs ~5- 10° mm Hg. 


It fs apparent from the curves in Fig. S, that as the gas flow fs increased the current Intensity for all fons 
changes monotonically; however, the nature of this change {s different for the different fons, In the region in 


which the N° fons increase, the multiply- ies fons exhibit a reduced intensity which 1s stronger for fons 
with higher’ charge, 


It appears that the chief reason for the deterioration tn the spectrum of multiply-chatged fons as the gas 
flow fs increased, and consequently the reason for the reduction in the concentration of neutral particles, is 


Charge exchange, that {s, the process In which one or more electrons are captured - a — fon 
in a collision with a neutral particle, 


Measurements of the dependence of the spectruin on pressure, cartied. out over a wider interval of gas 
flows, Indicate that for Mows cluse to the minimum required for a stable discharge with given values of current 
and voltage, there is a sharp departure from the behavior shown in Fig. 5. If, in the beginning, the yfeld of 
multiply-charyed ons incre sses in absolute value as the pressure Is reduced, then at flows close to the mulalme 
Now, there fs a “break® at which the intensity of multiply-charged foos falls off rapidly, 
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Fig.4. Anomalous behavior of the dependence Fig. 5. Dependence of the spectum on the flow 
of the spectrum on discharge current, of gas g admitted to the source, 


The sharp reduction in intensity is accompanied by the excitation, in the discharge, of the intense os- 
cillations which were mentioned above, 


In trying co make measurements of the dependence of the lon spectrum on discharge voltage, it was 
found that the results could not be reproduced satisfactorily. Experimental data taken under the same condi- 


tions were found to differ, particularly in the most interesting region of discharge-voltage values (from Vg = 
= 300-600 volts), 


In general, it is found that the dependence of the spectrum on discharge voltage fs such that the intensity 
of multiply-charged fons tends to increase with voltage, The growth occurs more rapidly for fons with highes 
ome as i to be expected on the basis of the difference in fonization potentials for these tons, 


Tests with a final model of the source, used subsequently in the cyclotron, were cartied out with the 


same mass-spectrometer for the purpose of choosing the optimum dischatge parameters corresponding to the 
greatest yield of fons, 


To get a mote rellable indication of N** fons the accelerating volta age was modulated at a frequency 
of 1S cps; this made It possible to pass the portion of the spectrum in the N** region past a narrow slit in the 
collector and thus to obtain on an oscilloscope screen a pattern of the spectral lines for N** and N** with 
completely satisfactory resolution, : 


The total current due to N** fons at the receiver was 100 » amp and was, on the average, about S% 
of the current due to N** fons, 


In operations with the one-and-one-half meter cyclotron, che N** current at the internal target is, on 
the average, 1.5 wainp at an fon energy of 195 Mev (3). The fons are extracted from the source by a tantalum 
electrode which is placed in the dee, opposite the exit slit of the source, 


When the discharge 1s operated at 4-5 amp and 750-800 volts the source can be operated continuously 
for 20-24 hours, The Lunitation ts the rate of detertoratlon of the cathode, which under the operating conditions 


indicated above fs approximately 0.5 gf. If neccssary the cathode operating perlod can oe extended by 
using a cathode of larger dlmensions, The average consun:ption of gas at maximum N*° fon yield fs 1 cm?/min. 


The cyclotron source was designed by Chief Engineer N. 1, Chizhov, 
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“se?® YIELD IN’ U FISSION 


Anikina and B. V. Ershler 


The fraginent yield in U™ fission has not been studied adequately. In particular, there fs no data on 

* yield in the literature, However, the yield of this strontium Isotope, which has a long half-life (19.9 years 
a ) and a sinall cross section for activation by neutrons (1.0 barns (2)) fs of great interest, The accumulation 
of Sc™ can be used to determine the nuinber of fission events which occur in a sample of U™ under a pro- 
longed irradiation, that is, under conditions when it would be difficult to measure the comparativety short-lived 
fragments, for example Ba¥? (12 days) or Sc” (53 days). 


We have determined the Sc™ yield in prolonged irradiation of a sample of u™® as already described in 
(3). As was reported, out of the entire sainple of uranium, 60.75 mg, 11.9 mg of uranium underwent fission. 
The activity of the Sr™ in this sample was ar after a three-year exposure and the activity of Y™, 
which was separated out from puatonss of the Sr® was determined after a 20-30 day exposure, that is, — 
equilibriuin was established for the Sr™ (19.9 years) > xy” (65 hours), In addition, other samples of u= 
were investigated which had been subjected to short-term exposures and the sr® yield was also determined, 


Yield calculated Yield calculated 
from Sr™ activity, from ¥™ activity, 
No, 
Prolonged exposure of uranium sample 
4.61 445 4.56 4 008 
2 4A1 4.66 
3 451 456 
; 1, Short-term exposure of uranium sample 
1 4.32 4A6 20.14 
4.38 
3 4.68 


In the latter experiments, the sueabes of fission events occurring in the sample was determined from the _ 


amount of another strontium isotope, Sr”, the yield of which, according to data given in the a may be 
taken as 5.6% [4]. The results of the ccmnannatin ace shown in the table, 


Comparing the Sr™ yield for prolonged and short-term exposures, it ts found that Sr™ and the nuclide 
with A = 90 which proceeds it in the chain have small cross sections for neutron absorption, 


The most reliable value for the Sc™ yield which can be obtained on the basls of the data {s (4.56 # 0.08) 
percent found In the experiments with prolonged exposure of the uranium sample, 
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RARE-EARTH ISOTOPE YIELDS IN THE FISSION OF Pu *®*® BY PILE NEUTRONS 


L. M. Krizhansky, Ya. Maly, A. N. Murin, and B. K, Preobrazhensky 


In 1956, several short preliminary reports on the mass-spectrographic determination of the yield of certain 
products of plutonium fission by pile neutrons were published, Fleming and Thode (1) determined the relative 
yield of the xenon isotopes [1], while Wiles, Petruska and Tomlinson (2) determined the yields of cesium, 
cerlum, neodymium and samarium, The results of these measurements are shown by the solid line in the figure. 
The dotted line denotes tie yield curve as obtained by radiochemical methods, 


TABLE 1 
Relative Yields of Isotopes of Cerium and Neodymium, 


Date of present Data of 
Isotope 


Cet#9 y 1.11 +0.02 
1.00 


1.003 1.00 9) 

| 0.836 40.006 
Nd"*3 | 0.666 £0.002 0.681 4-0.002 
| 0.557 £0,002 0.561 40.005 
| 0.362 £0,005 ¢) 0.379-£0.002 
Nd!#/Nd"*3 | 0.220-+0.002 0.21940.002 


1) A correction {s introduced for the decay of 
Ce™ (T = 282 days), 


2) —_Incalculating the correction for the 
decay the burnup of Pu™® during irradiation was 
taken into account, 


150 
Mass 


i 
1300 
3) Acorrection is introduced for the reaction 
(n, y) Nd™ (0 = 334 barns), 
a) A correction {is introduced for contamina- 
tion due to natural Sm™* (see footnote 4 in 
Table 2), O- data of [2] (solid line}, O- radiochemical deta 

» (dashed curve); X — data of the present authors, 
Without correction, the ratio Nd™*/ng™ was 


0.370 4 0.005, 


We have also undertaken a mass-spectrographic analysis of the ylelds of a number of products of Pu®® 
fission, As in [2] the plutoniuin was not separated froin the fission products and the latter were subjected to 
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chemical fractionation but a direct mass -spectrographtc analysts was made of the precipitate of a plutordum 
ultrate solution and Its fission products, by changing (from elenient to element) the temperatute of the source 
fllament gradually, 


In Tables 1-3 are shown the values of the relative yields of the various Isotopes of cerium, neodymium, 
samarium and cesium, For purposes of comparison the data obtained by Wiles et al. are also shown, 


TABLE 2 | 
Relative Yields of Samartuin Isotopes in Fission, 


Data of present experiment 
with a correction for con- without a correction 
tamination by natural for natural samarium 
samarium 


Mass Data of (2) 


147 152 2004 °°, °° 134 2004 °°, | 156 2 
149 190 1.0 | 100 

151 0.632 2001 0.202 20.02 . 0.610 4 0.02 

152 0414 4001 0.465 20.02 0.492 2 002 

184 0.160 + 0.003 0.220 2 0.003 0.220 4 0.009 
148° 0.034 0.001 


° Mass 148 due to contamination by natural samarium, 
** A correction {fs introduced for the Pm™" decay (T = 2.52 years) (2). 


ee In introducing the correction for the Pm” decay the burn-up of Pu™® during 
irradiation was taken into account, 


eeee In (2) no correction was Introduced for the natural samarium, 


TABLE 3 
Relative Yields of Cesium Isotopes in Fission 


Mass ‘ Data of present experiment Data of (2) 


135 1.6 £0.10 1058 £0.15 
133 0.446 £0,002 1.005 £0.008 


© “A correction Is introduced for the C5" decay (T = 26.6 years) (2). 
correction Is introduced for the reaction (n, Y) xe™*¥ (09 = 3.5 + 10° barns), 


_ Aside from Ce™® and Cs™, in all cases the results obtained in the present work and those obtained by 
Wiles are in good agreement, : 


The considerably lower value of the Cs™ yield obtained in the present work may be explained both by 
the contaminated natural caesium used in Wiles® work, and by the partial loss, in the present work, of the 
element which preceeds Cs™ - Xe™? (T = §.2 days) during irradiation, 


In the-case of Ce™*, however, this last explanation does not apply since there are no long-lived gaseous 
or volatile elements among the preceding elements in the chain, It should be noted, that the total flux of 


| 


neutrons In the are experiments was considerably greater than in the work poctormes by Wiles, reaching 
neut/em® * with a target mass of $7.4 ng. 


The cerium contents of the sample reached 0.5 mg and possible contamination by the natural cerlum 
"both in the target itself, and in the reactants could not be very large. 


In the experiments performed by Wiles, the total flux was 2,2°10  neut/em® and the target mass was. 
6 mg, that is, approximately, 9 times smaller; thus, the Ce™® yield in these experiments should be almost 
100 times sinallcr and the natural contamination could possibly become noticeable, 


The results obtained in the present work are shown in the figure by crosses, The points corresponding to 
the Nd¥ and Cs" yields coincide with the points of the cortesponding yields obtained by Wiles, 


The yields of the cerium isotopes have been normalized to the yields of Ce™ and Nd™ by the usual 
method (2). The yields of the samarium {sotopes (as was done in [2)) have been normalized so that they lie 
on a “smooth® yield curve, 


The points corresponding to the ylelds of the xenon Isotopes are not shown on the figure since their 
absolute value was determined by the Cs™ yield, the value of which in the present work, was very different 
from that obtained by Wiles, 


A detailed discussion of the results from the point of view of the theory given by Pappas [6] should be 
deferred until additional experiments are performed, Nevertheless, one may presume the existence of a fine 
structure in the mass region 135-137 in fission of Pu®® by thermal neutrons, 
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* This was measured by the reaction yield for Co™ (n, y)Co® (0 = 35 barns) (3). The Co® activity was 
determined by a 4”-counter and the y activity by comparison with a standard radium sample, The accuracy 
of the determination was 1-2%, Virtually the same result was obtained by a direct determination of a flux 
using the {sotopic composition of the plutonium after irradiation, as measured with a mass-spectrometer, The 
corrections for self-absorption of neutrons in the target (plutonium) were Intwoduced in accordance with [4] and 
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SHORT-TERM y-RADIATION FROM FISSION PRODUCTS IN U*?SAND Pu*?® 


O, I. Leipunsky, V. N, Sakharov, and V. I, Tereshchenko 


The spectral composition of the short term y -radiation of fission products is not very well known, This 
question was touched upon {a (1) and [2] presented at the International Cenference on the Peacefui Uses of 
Atomic Energy in Geneva in June, 1955. The investigation reported in the latter paper consisted of a study of 
the y -radiation from a uranium target, irradiated in a reactor, which was analyzed using a luminescence 
spectronieter, It was found that there {s y -radfation with an energy of approximately 2.2 Mev, associated with 
a half-life of 0.5 sec; and also y -radiation at a scmewhat lower energy associated with a period of approxi - 
mately 2 sec, hone 


In this letter we report data obtained by the authors in 1953 pertaining to the spectral distribution of y 
radiation from fission products of U™* in the time interval 1.5-5 sec immediately following fission, Certain 
results concerning the decay of the y activity In the fission products of U™* and Pu? as a function of time 
are also presented, 
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Fig. 1. Intensity of y-radiation from fission products Fig. 2. Intensity of y -radiation from fission produc 
in U™* as a function of absorber thickness, _ inu® asa function of absorber thickness, 


The “hardness® of the y -tays was determined by absorbing a collimated beam in matter, The target of 
U™ of Pu®® was irradiated in the flux of thermal neutrons from the reactor by means of a pneumatic position- 
ing device, The {rradiation was caried out for a period of approximately 1 sec, The stability of the neutron 
flux during the thine of irradiation was checked by a copper Indicator (monitor) which was irradiated along with 
the target, After irradiation the target was transferred pneumatically to the measurement apparatus, The 
Measurements were started approximately 0.6 sec following the end of {rradiation, The measuring apparatus 
consisted of lead colllinator, a copper or aluminum absorber and a steel counter SGS-400 in a glass vessel, It 
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was assuined, that the sensitivity of this counter to y -tays was close to that of a copper counter [2], that Is, ft 

is Independent of energy foe y -radiation with energies above 300-506 kev, The beta-radiation, originating in 
the irradiated target, was absorbed by the walls of the pneumatic instrument (3 min of steel and 2.5 mm of 
alumimin), The counter pulses were recorded on film with a loop oscillograph, The time markers and the 
markers indicating the entrance of the target into the {rradiation zone and its withdrawal were also recorded on 
this film, The count extended over a period of § sec, or in some cases, 17 sec, Thus, the quantities heing 
directly measured were the countingratcs as a function of time for absorbers of different thickness, Before the 
main measurements of these experiments, the apparatus was checked using sources of y -rays with known energy, 
Co® and Au™, 


From these measurements it fs possible 
to obtain, first of all, the attenuation of the 
sec™3 -tay beam as it passes through matter, and 
secondly, the decay of the y-activity as a function 
of time. In Figs. 1 and 2 are shown the de- 
pendence of the intensity of y -radiation of the 
fission products of U™* as a function of absorber 
thickness, The attenuation coefficient for y - 
radiation can be determined from the slope of | 
the line drawn through the experimental pofots, 
The mean energies corresponding to this co- 
efficient [4] are indicated on the gtaphs. The 
principle result was obtained with a copper ab- 
sorber, the thickness of which reached 50 g/cm, 


The measurements with the aluminum 
absorber were carried out only up to 25 g/cm* 
and show a large spread in the determination of 
the average energy but serve as a check on the 
preceeding results, The errors in the value of the 
mean energy shown on the graphs should not be 
considered as the Umits of the energy of the y- © 
radiation since the experimental data {s not in- 
consistent with assuming that we are dealing 
Fig.3, Decay of y -activity of fission fragments of here with a mixture of two or more types of 
u™ and Pu” taxing into account the correction ¥-quanta (for example, 50% Ey = 1,2 Mev 
for irradiation dime. and 50% Ey = 2 Mev) although the mean 
encrgy Hes. within the limits indicated, 


On the ordinate axis in Figs. 1 and 2 {s plotted the logarithm of the number of pulses counted by the 
counter in a period of time from 1,5 to 5 sec after the middle of the irradiation period. A test showed that 
during this time interval the attenuation coefficient did not change as a function of time by more than the 
mean error, that is, the mean energy of the y -rays 1s constant or varies to only a slight extent, 


In Fig. 3 on a log -log plot is shown the decay of y activity of fission fragments in U™ taking Into 
account the corrections for irradiation time, that Is, the decay of the y activity after momentary irradiation. 
This relation is satisfactorily described in the time period from 1,25 to - sec veer ie fission by a function of 
the form 


In Fig. 3 are also eae the experimental data on the kinetics ih the decay of y activity of the 
fission fragments in Pu™®, which are also given by ° 


that fs, the kinetics of decay of the y activity coincide in U™® and Pu®® within the limits of the experimental 
accuracy. 


Recelved November 25, 1956. 
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MEASUREMENT OF THE CROSS SECTION FOR THE REACTION Be*(n, 2n)Be® 
BY FISSION NEUTRONS 


B. G. Dubovsky, A. V. Kamaev, and E, F, Makarov 


Along with the other light elements, beryllium is used as a neutron moderator in nuclear reactors since 
it has good moderating propertics and a small neutron- — cross section, Furthermore, two tuclear 
reactions occur in beryllium, Be? (n, 2n) Be® and Be*(y, Be® .as a result of which neutron nvultiplication 
occurs. However, the reaction Be? (n, cc) He®, also occurs in beryllium; this reaction tends to remove neutrons 


from the chain reaction process. Hence, the nced arises for measuring the differential effect of ‘these two 
processes. 


The (n, 2n) reaction in beryllium was first observed by Rusinov (1). All the subsequent measurements of 


the cross section for this reaction, with neutron sources characterized by ameetet spectra, have given extremely 
inconsistent results (2-4). 


An analysis of tne possible reaction schemies and the disposition of levels in Be®, Be®, and Be™, indicates 
that if neutrons with a broad-cnergy spectruns are incident on beryllium, then the spectrum of (n, 2n) neutrons 
will also be characterized by a broad-energy distribution [5-7]. The (n, 2n) neutron spectrum will approximate 
the incident spectrum. On the basis of these qualitative considerations it is valid to use a counter with an 
efficiency which depends weakly on neutron energy. 


Method of measurement, The source of neutrons with a fission spectum was a uranium converter, which 
was placed in the neutron beam issuing from a horizontal charnel in the thermal column of the reactor at the 
atomic power station (Fig. 1). The converter was alternately surrounded by spheres of beryllium and graphite. 


Fig. 1, Arrangement of the converter and counter, 
1) Thermal column; 2) collimator; 3) cadmiuin diaphragms; . 
4) uranium converter at the center of beryllium: sphere; §) 

counter; 6) amplifier, 


| | 


The neutron multiplication in beryllium due to the (n, 2n) reactlors was measured by means of a neutron 
counter, the cfficiency of which wat weakly dependent on cnetpy [8]. To check that the counter efficiency 
was essentially Independent of neutron cnerpy, a check was made of the constancy of the counter readings when 
the sources were enclosed by graphite spheres of various diametets. The maxtimum diaineter of a graphite 
sphere was 200 mim, The uranium converter is shown in Fig. 2, The detection apparatus consisted of a neutron 
counter BFy gas, an with a gain 
of 3-10°, a standard scaler and stabilized power 
supplies. The stability of the apparatus was 


checked for several days using a Ra-a@ Be neutron 
source, 


Each run consisted of three measurements: 
a measurement with the beryllium sphere, a 
measurement with tie graphite sphere and a 
Measurement of the background with the beam, 
of therinal neutrons cut off by cadinium, Each 
measurement lasted for 15 min, This sequence 
Fig. 2. Construction of the uranium converter and of measurements climinated uncertainties due 


the beryllium spheres, to any possible slow drift in the reactor power 


a) With the spherical converter; b) with a cy- _ level ( 21%), 
y 
lindrical converter; 1) beryllium sphere; 2) When the beryllium sphere was replaced 
spherical uranium converter; 3) cadmium jacket; 
by the graphite sphere, the background remained 
4) thermal neutron flux; 5) aluminum tube; 6) 
;, constant, In making the measurements the 
cylindzical uranium converter, 


position of the sphezes with respect to the con- 


verter was changed in order to avoid the effect 
of any possible asymmetry in the spheres, The measurements were carried out with 3 beryllium spheres with 


different wall thicknesses and 2 converters of different shape and size (Fig. 2), Tie spheres were fabricated 
from beryllium with a density of 1.77 g/cn? 


To check that the fission-neutron source was {sotropic, control experiments were carried out in which the 
angle between the counter axis and the direction of the thermal-neutron beain was varied, 


Expezimental estimates indicate that possible errors, due to a random shift of 2-3 mm of the effective. 
center of the source with respect to the center of the sphere, are small as Coinpared with the statistical errors. 
An approximate calculation showed that, in the direction of the thermal neutron beam, the fission-neutron flux 
{is attenuated by a total of about 5% due to absorption in the converter, This effect should have no noticeable 
influence on the resuits of the ineasurements, To eliminate uranium fission by neutrons which have been slowed 
down in the spheres, the converters were covered with cadmium jackets 0.3 mm thick, 


The experiments with the Po-a-Be and the Po-a@-B neutron sources were performed in similar fashion, 
The sources were placed at the center of the spheres and the counter at different distances from the source 
(S0, 190, and 159 cm), In all cases, the same value of the neutron- multiplication factor was obtained, 


Results of the measurements, The neutron multiplication in the beryIliun) spheres fs determined by the 
cross sections for (n, 2n), (y, m), and (n, &) reactions, Since the nuinber of Y- quanta with cncrgies greater, 
than the direshold for the (y, n) reaction (E, > 1.67 Mev) produced in uranium fission fs of the same order as 
the number of fission neutrons, while the cross section for the (y, n) reaction is considerably smaller (7) than 
the cross section for the (n, 2n) reaction, the contribution of the (y, n) reaction can be neglected, 


_ The neutron ee level is related to the cross section for the (n, 2n) and (n, &) reactions by the 
relation 


where n and ng are, respectively, the counting levels with the beryllium and the graphite sphetes;N is the 
number of beryllium nuclei per en?; T is the mean path length for a neutrou in a — layer of beryllium, 


In view of the fact that the scattering of neutrons on beryllium nuclel tends to increase the mean neutron 
path, T exceeds the thickness ef the beryllium layer by a wide margin d = R-8. 


Dimensions of | Number of counts (x 64)! 
beryllium io 15 min, 
gtaphite on ae. 
sphere | sphere 


Neutron source 


Spherical uranium 
converter 


1.6140.3 | Gitzo |) Average 
value over 
converter 2.054025) 5420 | spectrum 
ee”) 


10 1540.75) 
—140.5 —37-425 


Cylindrical 
uranium 3. 
3 


Po-a-Be source 
Po-a-B source 


The mean path length T was calculated using the formula given by Yu. A. Romanov and V, L, Ritus 


= 0,71-+40,5" 


The fornmla applies for r/R = 


The transport mean-free path (A = 7.3 cm) 
was determined from the mean scattering cross 
section in bezyllium for neutrons with energies 
from 2 to 8 Mev taking into account the aniso- 
tropy in the scattering (o, 1.5 4 0.3 barns), 
In the table are shown the experimental con- 


ditions, the average values of the quantity € = 


and the calculated difference in the ; 


cross sections Oy 9, and Sn ae 


Number of neutrons 


The error shown for € is the mean-square 
error in the average value of € taken over all 

the measurements, The uncertainty in the cross 

0 Fev sections {s determined by the statistical errors of 
the measurements and the uncertainty In the 
value of the scattering cross section in beryllium, 
Assuming 7 10+10*? cni® for fission 
neutrons ‘we find On gq =(73 20)+10 "em, 


Fig. 3. Neutron-source spectra, 

1) Spectruin for fission neutrons from u™, 
2) spectruin from a Po- a B source; 

3) spectruin from a Po-a-Be source, 


| 3.3 1470 | | 4.42 
72) 4.8 227 | | 2.2% 
where 
| 
| \ 
2 4 a 


Comparison of these cross sections with the shape of the spectrum of the sources (19, 11] (Fig. 3) in- 
dicates that the main conribution w multiplication ts that of fission neutrons with cnezgies greater than 4 Mev 


and that qualitatively, there is a rapid growth in the diffcrence of the cross sections for the (n, 2n) and (r, @) 
freactlons as the neutron enctgy increases, 


We were assisted in certain measurements by L, A, Geraseva and R. K, Goncharov, 


An conclusion, the authors wish to express their gratitude to Doctor of Physico-Mathematical Sciences 


A. K, Keasin for setting up the problem and for a number of valuable comments and also to V. _ Stavinsky and 
E. Ya. Mikhlind for discussion of the results, . 


Received September 19, 1956. 
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K TONIZATION IN a-DECAY OF Po®!® 


V. V. Ovechkin and E, M. Tsenter 


INTRODUCTION 


According to Barber and Helm (1) the 75 kev x-rays which are emitted in the a-decay of Po®™® arise as 
a result of internal conversion of 803 kev = -rays and the fonization of the K-shcll of lead, 


The probability for internal fonization in a decay was calculated by Migdal (2) as early as 1941. How- 
ever, a later calculation by Levinger [3] cast some doubt on the results given by Migdal, showing that the 
fonization of tie K -shell siould have a considerably sinaller probability, An experimental test of the K -foniza- 


tion effect in a-decay of Po™ is extremely difficutt so that the y -radiation conversion cvefficient has not 
been determined very reliably. 


Fee this reason the y -taJiation internal conversion coefficient in Po” was temeasured by one of us and 
a qualitative estimate of tie energy distribution of the fonized K-electrons was made [4]. The results obtained 


were In complete agreement with pase ~’ — and are a convincing argument for _ presence of a K- 
lonization effect in the a-decay of 


EXPERIMENTAL 


a. Measurenient of the conversion cocfficient, for 


polonium y -rays with an energy of 803 kev was measured with a scintillation spectrometer with a specially 
selected PEM-19 photomultiplier and a 6-channe} pulse-height analycer. A stilbene crystal, 3 mm thick, was 
used to detect the electrons; this size covered the entire range fcr conversion electrons (E, ~ 700-800 kev), A 
sample of Po*™® with a strength of 7.5 me 

was precipitated from a polonium nitrate solution 


N, 
The internal conversion coefficient a = x 


on a inica film 10 p thick; the active surface on 
} the side toward the photomultiplier was covered 
- with an aluminuin foil 10 p thick, . 
E : In Fig. 1 fs shown the electron spectra 
= obtained In Fo*™, In the right hand part there 
_ a clearly defined peak with half-width of 
€ X f 25%, Using control experiments (an energy 
al \/ analysis of electrons in coincidence with the 
X-rays) it was established that this peak fs due 
4 * to a conversion process; to the left there ts the 
40 30 60 0 60 Wr continuous spectrur, of Compton electrons, 
Fig. 1. Electrons specta In Po”, The pulse height bie 
In volts is plotted along the abscissa axts, 


determined by comparing the area under the 
peak with the area of the 6 -spectrumn of a 
standard Co® source, the intensity of which was measured previously using the count of (B - y) culncidences, 
It was found that Ne = (52 5) electrons sec, 


€ 
. 
7 
We 
of 
| 
. 
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To determine the total number of Y -quanta Wy), emitted by the source she number of x-ray quanta Ny 


and the ratio Ny were measured, Measurements with new and old (2.5 years from: the fabrication date) samples 


N 
yielded the same value of = 0,12 4 0.02, This fs in good agreement with the value 0.14 9.025, ob- 


tained in (1). Ny was he. 2 for a good geometry In a spectrometer with a Nal (T1) crystal and was found 
to be ({20 quanta pet second, 


The corresponding value of @ fs (1.5 4 0.4) he. Using a direct measurement of Ny and comparing the 
areas under the conversiun curve and the Compton cutve (Fig. 1) two mote values of & were obtained: (1.8 # 
20.5) % and (1.2 £ 0.4) % . The average of these tuce measurements yields the value (@ = 1.5 # 0.2) % 


Because of the inadequate resolution of the spectrometer, the K and L electrons could not be separated 
in the spectrum (Fig. 1), Hence, to determine the conversion coefficient fer the K-shell (@,) the values of @ 
we obtained were used in conjunction with the value of the ratio (aq : & ,94)= 3.82 0.3 from 5). 


This procedure yields the value ay = (1,2 4 0.3)% which fs in good agreement with the theoretical 
calculations by Rose et al. (6) which predict the value oy = 0.95% (E2 transition, Ey = 800 kev), 


b. The spectrum of electrons which are in coincidence with the K x-ray quanta, From the results of 


the present measureiments of te and Gy it follows that only (10 # 3) % of the x-ray quanta can be attributed 


to internal conversion of the y -radiation, This, however, pertains to the residual part of the K x-rays; to verify 


that the x-rays were due to an fonization process, we nreasured the spectrum of the electrons which were in 
coincidence with the x-rays, 


Fig. 3. Spectrum of electrons in Pé™ {n coincidence 


with the K x-rays The indicate (6 ” 
Fig. 2, Block diagram of the apparatus for coincidences in Co®, 


measuring the electronic spectra by the (e — x)- 
coincidence method, C.C,) Coincidence 

_ Circuit =0.15 psec), G.C.) gating circult; 
_ AN 6 channel pulse height analyzer, 


The upper counter with the stilbene crystal, 
3 mm thick, was used to record electrons; the lower 
(with a sodium lodide crystal 3 mm thick) was used 
for the x-rays, The background due to a-particles 
was teduced to a considerable extent by means of the aluminum filter, The pulses from the upper multiplier 


were applied to the 6-channel analyzer t! hrough a gating circuit which was wtiggered by the pulses from the 
circuit which recorded coincidences between the electrons and x-rays, 


The number of measured (e — x) coincidences as a function of electron energy {s shown in Fig. 3, For 

je pe of comparison and calibration of the energy scale, in this same figure we show the 8-spectrum from 
hee with an accuracy of approximately — 1% by the (6 — y) coincidences in the same geometry, Using 

pe Co® spectrum and Cutle plots, the electrons absorbed and scattered in the aluminum foil were determined, 


counter 


The curtected spectrum for K -electrons from Po*™ ts shown in Fig. 4, In the energy region which was 
investigated (from 30 to 90 kev), the number of electrons in coincidence with x-ray quanta falls off mono- 
tonically with increasing electron energy; this 
is in qualitative agreement with energy distri- 
bution for ionized K-electrons calculated by 
Migdal (dashed curve in Fig. 4), 


8 


Because of the poor resolution of the 
scintillation spectrometer and the necessity of 
introducing corrections for absorption, it is 
difficult to judge the excent to which the ex- 
perimental curve agrees with the theoretical 
curve, Nevertheless, it is apparent that there 
{is no significant disagreement between them, 
Thus, it may be asserzed that the detected 
electrons are due to K-fonization and not to 
0 conversion, ‘The following consideratiors also 

JO 3 C6 50 9% kev tend to support this conclusion, 


Fig. 4. K-electron spe.tcum, The dotted line is the The present measurements indicate that 
data from Migda! (2). the intensity of (e — x) coincidences for electrons 
with energies from 40 to 90 kev is approximately 
equal to the intensity of (e — x) colncicences for 
an energy of approximately 720 kev, Since, in both cases, the coincidences between electrons and K x-rays 
were measured, this would Indicate that the number of detected electrons with energies from 40 to 90 kev is 
eal to the number of K -conversion electrons, Actually, the number of “soft® electrons is somewhat higher * 
since the aluminum foil passes only 62% of these electrons, and taking this effect into account the ratio of the 
intensity of *soft® electrons to the intensity of K-conversion electrons is 1.6; 1, with a2 error of 30-35%, 


Ng, arbitrary unit 
R 


If the “soft” electrons are due to fonization, then, according to the theoretical spectra given by Migdal, 
in the region 40-90 kev these should constitute 22%, that Is, the total number becomes 7,3 times larger than 
that of the K-conversin electrons, This value is close to the ratio of the tatensities of x-ray quanta of “doubt- 
ful® and conversion orfgin (90: 10 = 9), 


Inasmuch as each conversion K-electron of Pb™** corresponds to 1 x-tay quantum with an energy of 75 kev 
(the correction for the Auger effect in heavy atoms is approximately 11% [7)) this coincidence indicates that the 
x-fay intensity which is observed can be explained only if the 1ow-energy electrons are due to lonization, 


Comparison With Theory 


A mezsurement of the spectrum of K-fonization electrons in the region from 60 to 240 kev has also been 
carried out by Lagasse and others (8}; the results are in good agreement with the Migdal theory, 


in considering the measurement of the internal conversion coefficient a, {t is appropriate to carry out 


an <stimate of the probability for K-fonization (Px) in a-decay and to compare it with the value calculated by 
Migdal: 


Substituting (Nx:Ny)= 0.134 £ 0.025 (from the data of Barbe: and Helm [1]), &% = 0.012 £ 0.003 (from the 
N 
author's date (4), ky * (1.22 0.96)+10 (from the data of (9)), we finds 


(Palexp (1.5 0.4): 10-8, 
Migdal [2), using an excitation potenual of the form 


Var 4 y? + (2 for 
obtained the expression 


A 
2 
Ny_ 


Pen : (3) 


where v Is the velocity of the a-particle and vy Is the orbital velocity of the K-electron, 


In Po™, vs vy = 0.087 and (Py 24°10", that ts, it is approximately 1.5 times greater than the 
experimental value, 


On the other hand, the results of the calculations by Levinger (3) are in sharp disagreement with che 
present data, In attempting to refine the calculation by Migdal, Levinger writes the Hamiltonian in the form; 


HM = + y® + + 
+ (Z—2) [z? + + (2 + (4) 


and obtains an expression, similar to (3) but containing in place of v, a factor 3 ((Z — 2)v, — 2v) = : Zvg,. 


peng Vy isthe velocity of the recoil nucleus, and vz is the velocity of the uiiens of the center 7 charge, 
In Po™™*, 


4 


0(0.208). 


Since the probability 1s proportional to v, replacing v by 2 1 2. in (3) reduces it by a factor of 25, 
However, in this choice of the Hamiltonian account {s not taken of the fact that displacement of the 


‘ucleus changes the position of the electron shell and that this change of om is related to the movement of 
the recoil nucleus, 


The error in Levinger’s work is easily explained by qualitative arguments, Consider an atom in a coordi- 
Nate system moving with a velocity — vp. In this system, an atom at rest has a velocity vp). The time origin 
should not be taken as the instant at which the «-particle moves through the potential barrier, but rather the 
time at which the a-particle reaches a velocity sv (let us say 0.95 v), that is, the moment at which the a- 
particle goes through the steepest part of the Coulomb part of the potential barrier, Thus, at the instant t= 0, 
the a-particle is at a distance of the order of ten nuclear radii from the recoil nucleus, With this large distance 
between the a-particle and the recoil nuclevs, the excitation influence of the electrostatic potential on the ’ 
ital electrons is negligible, At the instant of time t = 0, in the moving coordinate system, the recoil nucleus 
is at rest, that 1s, the effect of the decay process on the electron shell at the instant t = 6 will be the same as 
that which obtains when an atom moving with a velocity vq 1s brought to a stop, which fs many times smaller 
than the velocity of the K-electrons, Thus, processes occurring at the moment t = 0 cannot lead to any signifl- 
cant fonization, Starting at the instant t = 0, a calculation of the excitation can be carried out as was done by 
_ Migdal, with this one difference — in the moving coordinate system, where the recoil nucleus is at rest, the 


@-particle does not move with a vzlocity'v, but with a velocity # + vp, that Is, a velocity v (1+ a » 


Since this correction {s of order 4 , then taking into account the motion of the recoll nucleus leads only 


to a small change in the probability of fonization, which, however, does not le outside the liniits - the ex- 
perimental accuracy, 


Thus, the estimate of the probability for K-fonization in «- -decay made by Migdal remains valid and fs 
supported by the present experiments, 


We wish to express our gratitude to Cramngnating Member of the Acodeeny of Sciences, USSR, A.B. 
Migdal for very valuable and stimulating discussions of the results of the present work and to Engineer ~ v. 
for his suggestions the construction of the apparatus, 
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SCIENCE CHRONICLE 


‘THE RIGA CONFERENCE ON THE USE OF RADIOISOTOPES 


In December.1956 a scientific conference, organized by the Latvian SS Academy of Sciences, was held 
in Riga dealing with the use of radioactive isotopes In Industry, biology and medicine, Workers of the scientific 
establishnients and business concerns of Moscow, en Tallin, Vilna and other cities also took part in the 
conference, 


Opening the conference, Ya. V. Peive, Pe of the Latvian SSR Academy of Sciences and assoc{ate 
member of the USSR Academy of Sciences, pointed out that in the past few years the institutes of the Latvian 
SSSR Academy have made a series of investigations into the use of radioactive isotopes and radiations in re- 
search and in the national economy. The results of this tesearch must be reviewed at this conference, 


At the plenary session two papers were presented, *The Main Trends in the Application of Radioactive 
" Isotopes in Automatic Control Equipment® by N, N, Shumilkovsky and A, Y. Meltser,and *The Use of Radio- 
active Isotcpes in Medicine and Biology” by P. Y. Strazdun, 


The conference was held in two sections, technical and biological. Twelve papers wete presented at the 
technical sessions, 


In his paper, * The Use of Gas Discharge —— in a Radioactive Relay without Contacts," V, A, 
Yanushkovsky discussed the circuit principles of radinactive relays to register low and high intensities radiation, 
and also the question of using Brand y-tays in work with radioactive relays, The author laid down operating 
conditions, referred to the methods of determining the necessary strength of the source to guarantee the re- 
Uable registration of discontinuous radiation and showed the possibility of increasing the resolution of gas dis- 
charge counters by using quenching, which limits the growth of the discharge in the counter, of by the system 
of using separate supply circuits foz each counter, In addition, he reported on the application of a radioactive 
relay without contacts for the measurement and regulation of liquid levels, densities and temperatures, 


V. V. Kruzhanski, 1, 1, Safyants, A.D, Tumulkan and V, A, Yanushkovsky devoted thelr paper to the 
practical use of radioactive methods for determining the quality of steel under production conditions at the 
Leningrad Molotov Steel-Rolling Mill. Instead of the earlier laboratory method for determining quality by the 
chemical analysis of metal samples, the sadioactive method enabled the determinations to be made directly 
under production conditions in all the sections of the mill, 


in their paper, °The Use of Radioactive Markers for the Construction of an Automatic Device for Changing 
from One Telecineprojector to Another in the Riga Telecenter,* M, Bartushevich and I, A, Eymanis discussed 
the possibility of replacing magnetic by radioactive markers, The authors showed that the radioactive method 
fs reliable in operation and does not require complicated equipment, It enables the conversion of the automatic 
operation of cineprojectors to a single system, both in the telecenters and In the general cinema circuit, 


The paper of H, E, Gunne, A, D, Tumulkan and V, A, Yanushkovski, *Radfoactive Indicators of Liquid 
Levels in Closed Vessels,” was devoted to the possibility of constructing simple and portable equipment for the 
periodic measurement of levels, Among the circults reviewed for devices, in which electrons are used and the 
indicator fs a signal lamp, of practical interest is a system with a universal power supply and acoustic signals, 
The accuracy required in practice for level measurement fs obtained by using a lead collimatce in the apparatus, 
The paper, in addition, described the requireinents for the least measurement error and the niethods for evaluating 
the optimum values of the electrical and constructional parameters Tor devices of a given type. 


RB. E, Ranashek and V, A, Yanu-hkovski in their paper, *A Radioactive Indicator of the Filling of Opaque 
Vessels in Continous Production,” gave an analysis of the possibilities for reallzing a 100% continuous control 
of the filling of metalite of plastic vessels by the use of penctrating radiation and presented the principles of 
operation of an automatic tube-filling machine, which controls the filling of aluminum tubes in the cosmetic 
industry, This equipment sorts out the tubes by weight and makes an automstic count of the quality products, 


The paper of Y, A, Auzan and P,F, Chaplinski dealt with the practical applications of radioactive re- 
gulating and siynalling devices developed by the Physics Institute of the Latvian SSR Academy of Sciences In 
couperation with the VEF works, Using a tadivactive source, placed on a tilting arrangement of the measuring 
device, and a yas discharge counter, the positional regulation of the process controlled by the device can be 

achieved, Various circuits for radioactive relays using gas -dischatge counters were discussed and theit com- 


patative characteristics were given, Examples of problems, solved using such devices, were given,and ex- 
perience in their use showing their reliability was described, 


V. O, Birshtein in his paper, *Experience with the y -Ray Examination of Thin Metallic Sheets, discussd 


the advantages of using y -tays as coinpared to x-rays for the examination of welds in metal tanks used for the 
liquefaction of fuel gas in a vessel-repsir factory, . 


In the paper of H, Gunne, A, D, Tumulkan and V, A, Yanushkovsky Application of Scindllation 
Counters to the y -Ray Flaw Examination," the various methods of constructing a portable device, which re- 
gisters the average current from a photomultiplier, and the problem of obtaining the required accuracy when 
registering a defect of a given type were analyzed, and also, in the paper, the experimental characteristics of 


the scintillation counters were given, which allows the selection of the operating conditions of the pena 
plier. 


The paper of L, L. Pelekis, Z. E, Pelekis and L. Y, Bambe, *The Determination of Steel Thickness oy 
Scattered y -Rays," was devoted to the study of the main advantages of this method, A scintillation y -spectro- 
meter was used for the detection of the scattered y-rad{ation, The energy of the y -quanta, scattered through 


the Interval of angles 135- 180°, is about 0.25 Mev and fs practically constant, Csl(T1) and Nal (T1) crystals 
were used as scintillators, 


Y. E, Chudars and I. Y, Taure in their pape, *The Attenuation of a Parallel Beam of 6 -Rays in Matter, 
gave at approximate method for the evaluation of the attenuation suffered by a parallel monoenergetic beam 
of 8-rays with energies of up to3 Mev, Two corrections introduced tak= into account the single coillsions of 


the scattered electrons and their repeated deviation in the material. These calculations agree well with the 
experimental results of Bleiler, Tsyunti and Zemler, 


V. ¥. Gavrik, in his paper, gave examples of the construction of simplified nomogram for calculating the 
amount of radioactive isotopes, 


In V, 1, Breslav’s paper, Quantitative Analysis of Radioisotope Mixtures by Their Half-Lives,* the method 
of analysis based on the differences in the decay rates was examined, This method, based on the well known 


procedure of +, servi-logarithmic plot, gives good results when the half-lives of the seins in the mixture are 
different by 6-8%, 


‘ 


Exact values of the decay constants are obtained by the least squares method of fitting to the data, The 


measurements were made with a differential fonization chamber, The method {s also suitable for use with 
Geiger-Muller counters, 


At the meetings of the blological section 9 papers were presented, devoted to the results of research into 
the application of radioactive fsotopes in the different branches of microbiology, chemistry, the physiology of 
plants and animals and medicine, which had been carried out in the Latvian SSR Academy of Sciences and the 


Riga Medical Institute, In some of the papers questions were discussed on the use of — to smal a 
definite action on living organisms, 


Great interest was created by the communication from the workers of the Microbiological Institute (N, S, 
Stolugvo, I, V, Skard and otlicrs), who showed that, in principle, it is possible to obtain by the action of ultra- 
sonics on a suspension of tuberculosis bacilli, absorbing radlophosphorus with their nutriment, labelled bacteria 
which would be frce frons radioactivity absorbed on their surfaces and which would contain all of the P™ in the 


mM 


form of phosphorus compounds tightly bound to the celi material, The new method, developed by the above 
pamed scientists, for the preparation of labclicd tuberculosis producing agents enables a successful sciution of 


a number of problems, which have been sought fora long time, in the fields of the aaa and chemotherapy of 
of tuberculosis, 


In the work described by V, J. Sctgceva and Z, I, Kreltsherg, the scientific associates of the Forestry 
Institute, the research workers were able with the help of radiocarbon-labelled pentoses and a-methylglucoside 
to trace the penetration of these substances into the lignin of the wood cell and ame clarify some of the pre- 
viously unexplained peculiarities of the lignin structure. 


In the same Institute, with the help of radiophosphorus, the dynamics of the transfer of chemical stimulators 
was established in pine trunks teated with these substances to increase the flow of gum (E. A. Rupays). 


Interesting Jata on the calcium metabolism in hens was presented by the Biological Institute (V, K, 
Baumanc), Raviveaicium made it possible to establish that the calcium, taken up by the hens in their food, is 
initially deposited in the skeleton, which acts as a store, and only from there goes to the egg shell and in this 
way is discharged from the organism. 


A.G, Miller, an assuciate of the same Institute, showed that a stimulation of growth in oats and other 
cultivated cereals is observed when _ seeds ate preliminarily soaked in an aqueous solution containing 0.1 to 
1000 me/liter of 


F.G. Portnoy, an associate of the Institute for Exper'mental Medicine, acquainted those present with an 
apparatus of his own construction to produce a measured fonization of respircd air, the therapeutic action of 
which, especially in hypertonic disease, was proved by reseatch carried out in the institute, 


The other papers presented and the discussion which followed, indicated the current problems which faced 
the research workers in the further development of the investigations of the processes my in the living 
organism using labelled atoms, 


In the resolution, accepted by the biological section, it was noted that in addition to the use of radio- 
isotopes, it is also necessary to start work using stable {sotopes and a mass spectrograph, 


V. A. Yanushkovsky and S, A, Giller 
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WITHIN THE SOVIET UNION 


IN THE ATOMIC PAVILION OF THE ALL-UNION INDUSTRIAL EXHIBITION 


SECTION *CHEAGSTRY® 


The successes of nuclear physics and the introduction of its results into the field of the peaceful uses of 
atomic energy are closely connected with the development of rew and special trends in chemistry, The stands, 
presented at the exhibition, tell of the contribution of chemistry to the peaceful uses of atomic energy. Here, 


¥. 


7” 


Fig. 1, General view of the laboratory for ultramicroanalysis, 


there are models of the apparatus and equipment which make possible the extraction of radioactive anu stable 
isotopes, the study of the action of radiation on matter, the analysis of the composition of naturally-occurring 
matertals and their products, etc, 


. e . 
> e 
353 


At the present time more than a thousand Isotopes of the chemical elements are known, Their uses as 
labelled atoms bring further successes to physics, chemistry, biology and medicine, For example, the fsotope 


B™ {s used in neutron counters, C®,N® and O" are widely used in the study of the life processes of plants 
and animals. 
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Fig. 2, Model of equipment with aCo™ source of ‘strength 400-800 g-equiv, 
tadium, 


In modern practice different methods for isotope separation are used, A diffusion-separation column for 
the preparation of neon and argon isotopes can be seen at the exhibition, The column employs the counter- 
current method, in which a mixture of {sotopes in diffusing a ) a stream of vapor {s enriched with the light 
component, To obtain boron trifluoride, enriched with isotope B™, a fractionating column {s used, A working 
model gives a clear picture of the process occurring during the enrichment of the vapor, Models of equipment 
for the production of O", N® and B™ are exhibited on the stand, No less interesting is the section illustrating 
the use of radioactive isotopes as labelled atoms in technology, A diagram showing the method of using 
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radioactive detectors during the different stages of the chromatographic sparation of rare-earth elements is 
aituated on the stands, A radfation counter enables the progress of the chromatographic experiment to be 
followed, by detecting the appearance in the measurement cell of an activity equal to, or greater than, an 
assigned value, 


The apparatus for dealing with an ultra-small quantity of material {s of great interest. Under a small 
transparent cover a type of microlaboratory is placed, in which all the materials are handled in the thinnest 
capillaries (Fig. 1). With such a laboratory it is possible to work with amounts of material weighing a millionth 
of a gram and to use volumes of the order cf a thousandth of a milliliter (for example, in the investigations of 
the transuranic elements), At the same time, the concentration of a substance in solution becomes appreciable 
and the study of the various reactions can be made using the classical methods of inorganic chemistry, In the 
microanal tical laboratory all operations are cattied out by means of micromaripulators oa the microscope 
stage (which gives the impression of working in the scale of the usual experiments), The titration of solutions, 
electrolysis, pH measurements are made in vessels with a diameter of 0.51.0 mm, The burets for soJution 
making are constructed according to the principles of capillary syringes. A centrifuge is used for the separation 
of precipitates from solution, ; 


Fig. 3. Equipment for the determination of the quantity and composition of gases formed in the radiolysis of 
aqueous solutions, 


One of the most sensitive methods of analytical chemistry ~ radioactivation analysis — {s based on the 
property of isotopes to acquire radioactivity when irradiated by nuclear particles, If the sample to be analyzed 
is irradiated and then the radioisotopes formed identified by thelr radiation, it ts possible to detect different 

_ elements even in the smallest quantities (from 10 * to 1074 g). The stages for conducting the radioactivation 
analysis are exhibited on the stand; a diagram of the reactor for the saniple irradiation is shown, curves for the 
identification of the isotopes are given and te sensitivities of the different analysis methods are compared, 


: 


The necessity for studying the different chemical reactions that take pfzce under the action of lonizing 
radiation has Ied to the appeatance of a new branch of sclence — radiation chemistry, For experimental work 
in radiation chemistry Co y-rays ate widely used. Figure 2 shows a model of the Co source with an activity 
of 400 80 g-cquiv, of radium, The equipment consists of two containers, Onc of them fs used for the per - 
manent stotage of the radioactive material, the other (working) for the irradiation of samples, The samples 
are placed in the working container when it is at the top, outside the zone of radioactivity, The working con- 
tainer Is then lowered into the receptacle into which the cobalt source is transferred by remote control from the 
storage container, The dose used is 199 r/sec, The equipment is supplied with block contacts which provide 
safety during work, 


Other radiation sources are on display at the exhibition x-tay tubes and also various devices used in 
radiation chemistry. One of these, designed for the determination of the quantity and the composition of gases 
produced by the irradiation of water and aqueous solutions is shown in Fig. 3, 


The exhibition records the high level of development of the national sclence and technology in the field 
of the peaceful uses of atomic energy. 


Vv. P. 
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THE LEIPZIG SOVIET SCIENTIFIC AND esbiacenmines EXHIBITION 


> 


' *Atomic Energy for Peace® — thus was called the Soviet scientific and technical exhibition held in 
Leipzig (German Demccratic Republic), The exhibits displayed there have demonstrated the considerable 
success of Soviet scfentists in the field of the peacefuluses of atomic energy. 


In the exhibition hall, 


At the exhibition, officially opened on November 11, 1956 by F. Zelbman, the deputy chairman of the 
GDR Soviet of Ministers, the most varied fields of the application of atomic energy in the national economy 
were extensively presented, The visitor to the exhibition {s acquainted with the general principles of the 
release of atomic energy and with a rich collection of uranium minerals, Visitors were particularly interested 
by the section describing the planned and operating nuclear reactors and atomic power stations, as well as the 
sections showing the wide application of radioisotopes in technology, industry and medicine, The exhibition 
has attracted the attention of German engineers, scientists and a large section of the community, The large 
number of visitors demonstrates the great interest in the achievements of Soviet atomic science; in 5S weeks 
the exhibition was attended by about 90,000 people, including many scientists from the GDR and FGR, The 
German press, as well as the exhibition visitors, highly rated the achievements of Soviet science, 
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For example, the newspaper “Neucs Deuschland™* of November 11, 3956 wrotes 


"We have sewn dhat the heritage of Pierre and Marie Curie, who discovered radium, of the English in- 
vestigate Ernest Rutherford, who presented the theory of radioactive decay, and of many other prominent 
scientists, is safeguarded; nuclear physics has been raised co unprecedented heiphts by the Sovict scientists in dhe 
service of peace. The exhibition reflects an impressive picture of the peaceful application of atomic technology 
in dic Soviet Union, ‘The large number of varicd insummens and devices, which reflects the diversity of the 


possible applications of atomic energy, and the objectivity of the exhibition, which excludes any implications 
of fantasy, are impressive.” 


“At the same time the exhibition testifics to the might of the atomic science. of the peaceful USSR and 
testifies to the suength of the Sovict Union, The exhibition allows die scientists and the engincering-technical 
workers, as well as all workers to becoine tieroughily acquainted with tie problems of the peaccful uses of 
atomic ciergy.° 


After seeing the exhibits, the visitor could view popular Soviet films which described the eee of 
atomic energy and its wile applications, 


The specialists who were interested in a particular section were able at any tone to obtain Information of 
interest to them from the Soviet spectalists, Friendly meetings, mutual consultation, and the setting up of close 
contacts between Soviet and Gernian specialists were continually the background to the work of the Soviet 
atomle exhibition in the German Demucratic Republic, 


B. A, Semenov, 
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THE FIRST CONFERENCE ON COSMIC-RAY PHYSICS IN THE GEORGIAN SSR® 


é -- 


At the end of November,1956, at die Institute cf Physics of the Georgian SSR Academy of Sciences, in 


Toilis, a conference on cosmic-ray physics was held, in which over 70 scientists from different cities of the 
Union took part, 


The papets and discussions were mainly devoted to the three chief problems of cosmic-ray physics: the 


Nature and the properties of the unstable elementary particles, such as mesons and hyperons, the nuclear inter- 
action of cosmic rays and air showers, . 


Since the last cosmic-ray conference, held in Moscow in December 1954, this branch of science has 
considerably progressed and this was reflected in the papers presented at the conference, 


The associates of the Lebedev Institute of the USSR Academy of Sciences reported on the results obtained 
with emulsion chambers exposed In the stratosphere; they were able to observe and analyze a number of inter- 


actions of primary protons, with an energy of 100,000 Mev, with nuclei of the nin emulsion and on the 
basis of the analysis of these events were able to establish important new laws. 


The associates of the Elbruz high - altitude laboratory presented an seqneenting paper in which the existence 
of new unstable particles was indicated, 


The papers presented by the Lebedev Physical Institute, the apne of Moscow, and the Physical 


Institute of the Georgian SSR Academy of Sciences gave important new data on the spatial distribution of 
particles in cosmic-ray showers, 


New techniques in experimental physics were demonstrated at the conference, 


’ The Physics Instinte cf the Georgian SSR Academy of Sciences and the United Nuclear-Research Institute 
reached an agreement on the joint work with the new gigantic accelerator being built in Dubno, A’number of 
Georgian physicists will also work in an underground !aboratory, bullt for the study of the most penetating 


component of cosmic rays. In addition, a new high-altitude station at the Tskhra-Rskaro pass is being prepared 
for operation, 


© E, Andronikashvili, °A long stage Is passed,” Dawn of the East 1956, December 1, 
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INSTRUMENTS FOR NUCLEAR PHYSICS 


In the Departmecet of Nuclear Physics of the Moscow Engineering -Physical Institute work has been carried 
out, during the course of a number of years, on the study of apparatus for the detection of ionizing radiation. 
The principles of diffusicm chambers have been Investigated and a number of chambers of different types have 
been investigated and a oamber of chambers of different types have been designed and built fer physical re- 
search, the measurement of low activities and for demonstration purposes, 


Because of the continuous mode of operation, the diffusion chamber as a demonstration ne has. 
decided advantages as ccaypared to the Wilson chamber, A chamber, with a transparent bottom, designed in 
the departmem,cnables tue observation of a-particle and electron tracks on a screen with an area of the order 
of 6 m*. This chamber w2s demonstrated at the All-Union Industrial Exhibition, as well as the exhiditions 


dealing with the peaceful uses of atomic energy in Czechoslovakia, Sweden, Yugoslavia, Bulgaria and the 
German Democratic Repudiic. 


A ew type of diffusion chamber allows activities of the: exder of 0"? curies to be measured ihe a 
high statistical accuracy because of the prevention of condensation on the surface of the object introduced into 
the chamber, One of tie chambers for the measurement of low activities will be exhibited at the All-Union 
Industrial Exhibition, as well as at the international exhibitions on the uses of atomic 7 for peaceful pur- 
poses, 


A series of questions arise in the Gonige of large diffusion chambers. The construction of a diffusion 
chamber with an area of 690 x 900 m® has been worked out in the department, the continuously -operating 
Vapor source used being in the form of moisture-conducting plates placed at the two opposite walls of the © 
chamber, This chamber is displayed at the All-Union Industrial Exhibition, 


- An experimental armplifier, with drift correction by means of an amplifier with a contact converter, has 
been developed in the cezartment, It has been established that the sensitivity of the device hy limited by the 
production of a charge on the converter contacts, when they are opened, of about 0.6 x 10 coul ata working — 
frequency of 5 cps. The use of gold contacts lowers the charge and current by a factor of 5. Investigations 


have shown that the use of a contact converter {s only worth while when measuring currents not lower than 
amp per full-scale deMection, 


V. Lyapidevsky and K, Erglis 


| 
ae 
| 
aia 
| 
| 
| 
| | 6 
| 


THE DETERMINATION OF THE BORON CONCENTRATION OF 
MINERAL SAMPLES BY A NEUTRON METHOD 


At the V, L, Vernadski Institute of Geochemistry and Analytical Chemistry, in the laboratory headed 
by Professor V. I, Baranov, scientific associates V. K. Khristianov, G, I, Panov, and A, A, Chernov are de- 


veloping a method for the quantitative analysis of boron in mineral samples by means of neutron absorption, 


The equipment used for this purpose consists of a neutron moderator and a detector, A Po~Be source 
of activity 2 curies {s used as a source of neutrons, The neutron detector used was a small fonization chamber 


filled with B™ enriched BFs.. The current _ the chamber served as a measure of the lonization ‘eee 
by the reaction B**(n, a) Li’, 


The method has been tested in a geological survey, using 2700 samples, the accuracy of the — 
being maintained at 20%, by comparing it with a chemical analysis of 150 samples with a boron concentration 
of up to 14% B,Oxg, and the resuits showed that: 1) the neutron and the chemical analyses agree to within 


20%; and 2) the error in reproducing results, for anhydrite concentrations above 5%, is not higher than 
10%, 
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THE USE OF RADIOACTIVE LSOTOPES AND RADIATION FOR 
OIL PROSPECTING IN THE USSR 


Radivactive techniques have received a wide developrnent and industrial application In the ofl-producing 
industry of the Soviet Union, For radioactive bore -hole testing the methods used are based on the measurement 
of the natural, secondary and scattered y -radiation, as well as neutron methods, 


In oil geology, y -tay bore-hole testing is combined with neutron bore-hole testing. 


Neutron-y bore-hole testing (NGT) was first proposed in 1941 by the famous physicist Bruno Pontecorvo, 
In the Soviet Union the work of developing the NGT method and equipment was done by a number of groups — 
NHGR, CNIL of the combine “Azerbaijan Oil Geophysics® and others, The most important results were obtained 
in the laboratory headed by associate member of the USSR Academy of Sciences, G. N. Flerov and Professor 


B.B. Lapuk, where the NGT method and the equipment, useful for a wide industrial application, have been 
developed. 


In NGT, the intensity of secondary y -radiation, produced by the — of therrnal neutrons by the 
nuclei of the rock, is measured, 


The differentiation by means of NGT is determined by the neutron slowing down and on properties 
of the rock, as well as by the different radiation properties of the intermediate nuclei formed by neutron capture, 


Hydrogen slows down neutrons anomalously. This fact enables, in principle, the use of NGT to determine 
the hydrogen content of strata and to identify porous layers filled with ofl and water, as well as layers of clay 
saturated with water and those containing water of crystallization, 


The measurement of the natural and induced y -radiation in bore holes is made simultaneously with the 
help of a double-channel apparatvs, 


NST — combined with GT — enables a study to be made of the geological cross section of the bore hole, 
which has been drilled without extracting the core, even when the bore hole has been reinforced with a steel 
tube, it enables the separation of dense from porous strata and the separation of gas-bearing from oil-bearing 
strata. The neutron-y method is widely used in practically all of the oil-bearing regions of the Union, 


In the last few years in the Oil Institute of the USSR Acadeiny of Sciences new eoulpment has been 
developed for NGT using scintillation counters, which has greatly increased the potentiality of this method, 
This equipment is being successfully used in production, This laboratoty also carried out work on the develop- 


ment of the NGT method, combined with y -ray spectroscopy (NGT-S), for the determtation of the position 
of oil-water interface. 


Gamma-gamma bore -hole testing (GGT) is based on the measurement of scattered y -tadiation which fs 
produced by the interaction with the rock of the y -rays emitted by the source lowered into the bore hole, 


The intensity of the scattered y -rays diminishes as the density of the irradiated cock Increases, 


GGT Is beginning to be used In the oil industry for the study of the porosity of the oll-bearing strata, The 
theory of the method for solving the problein indicated 1s being developed by tre engineering physicists of the 
coinbine “Bashkir Oil Geophysics® and the VNIIG%zeophysicists Ya, A, Gulin, N. Y, Dyadkin and E, N, Filippov, 


¢ The method of neutron-neutron bore-hole testing (NNT) is based on the measurement of the density of slow 
neutrons In the substance surrounding the detectur, The development of this method ts being made in nar USSR 


micans "All-Union Scientific Research Institute for Halurgy.* 
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Academy of Sciences Oil Institute, where the equipment has becn created employing neutron proportional 
counters as detectors, The equipment has been tested industrially with success and a test batch will be released 


by the factory °OH Equipment? The Yatar, Bashi:ir, Kuybushev and Krasnodar geophysical combines are taking 
an active part in these tuvestizations, 


The investigations. which have been completed enable the NNT metlod to be effectively used for the 
separation of water and oil-bearing strata in bore holes, The specific absorption of thermal neutrons in the 


watet-bearing part of a layer is considerably biyyer than in the oil-bearing part because of the presence in the 
water of dissolved salts (mainly NaCl), 


The possibility of using thermal neutrons, and particularly neztrens of higher energy, in conjunction with 
NNT for the quantitative measurement ef the porosity of oil-beating strata, is also being investigated, 


The method of induced activity (IA) Is being developed In the laboratory for radiometric methods of the 
USSR Academy of Sciences Oil Institute, under the supervision of the associate member of the USSR Academy 
of Sclences, G. N. Flerov and Doctor of Geo-mineralogical Sciences, F, A, Alekseev, This method is necessary 
for the location of oil and water-bearing strata in bore holes reinforced with steel tubes, for the location of 
water-oil interfaces in expetiniental and production ofl wells, and for tie analysis of minerals, 


The methods which have been developed for the separation of of! and water-bearing strata using activated 
Na™ and Ma’ are being widely used industrially in the Bashkie and Tatar oil-bearing regions, 


Engineer physicist E, B. Blankov fs successfully developing a faster method of induced activity, using Manis 


and ar’, for the determination of the shifting of the water-oll interface suitable for use in the conditions of the © 
Romashkin oil-bearing region, 


The Oil Institute of the — Academy of Sciences and the combine "Krasnodar oil Geophysics® are studying 
the use of the incthod using Na induced activity for the location of water-oil interfaces In oil-bearing regions in 
which the water is only slightly mineralized. Similat work is being planned for the West Turkmen oil-bearing 
regions in 1957, 


The USSR Academy of Sciences Oil Institute $s carrying out investigations into the use of the method of 
Induced activity for the quantitative measurement of the ofl content of strata, - 


An ofl-well neutron gencrator is being developed by the USSR Academy of Sciences Oil Institute together 
with the YNIIG of the Ministry of Oil Production of the USSR and a number of specialized institutes, 


. At the present time, work on the application of radioactive isotopes is being carried out in almost all of 
the USSR oil-beating regions, 


The method ts being developed in the VNIIG of the Mintstey for Cil Production of the USSR, 
With the help of-radloactive isotopes the following problems are being successfully investigated: 


1, The determination of the cement layer height in the space behind the pipe and a qualitative evaluation 
of the well cementing; the determination of the quality of cementing after repairs; 2) the location of the posi- 
tion of water seepage and the detection of the presence of circulation outside the pipe; 3) the location of the 
position where the bore solution is being absorbed in the case when circulation is lost during oil-well drilling; 

4) the examination of the condition of pressure wells and the location of pcsitions where the water being pumped 
in is being absorbed; 5) the detection of zones of hydraulic rupture of stata and the collection of quantitative 
data about its nature, 


The I, M, Gubkia Moscow Oil Institute fs carrying out experimental work on the use of radioisotopes for the 
evaluation of the ;. rmeability of strata during the process of drilling or before the lowering of the column, 


The Oil Institute of the USSR Academy of Sciences has developed the method and equipment for the use 
of tritium for the observation of the movement of subterranean water, 


_ In one of the laboratories under the supervision of the author and G, N. Fleiov, associate member of the 
USSR Academy of Scicnces, during the last few years the method of surface and eaten radiometric prospecting 
for oll is being successfully 


BLA, Alekseev 


THE STUDY OF PROPANE CRACKING WITH THE HELP OF RADIOCARBON 


In the USSR Academy of Sciences Institute of Chemical Physics work fs in progress to investigate the 
mechanism of propane cracking, Hi 


Labelled ethylene was used to solve the problem of the way In which ethane {s formed. By adding a 


small quantity (1%) of C*tL,=C"*tl, to the propane and analyzing the cracking products, N, I, Medvedeva and 
E. S, Torsueva found that the ethane shows a considerable activity. ; 


To obtain quantitative data the authors used Neumann's kinetic labelled-atom method, From the appear- 
ance of the specific activity curves for ethane and ethylene formed by propane cracking in the temperature in- 
terval 530 -580°C, they found that, within the liniits of experimental error, ethane Is produced only from ethylene, 


The same conclusion was obtained from a comparison of the rates of consumption of C,ty, calculated using the 
kinetic method equations, 


In contrast to Rays, who explained the formation of ethane by the recombination of methyl radicals, 
Medvedeva and Torsueva propose the following scheme; 


C,H. + H+ GH, (E <5xcal), (1) - 
C,H, +C,H, C,H, + C,H, 


ctl, + H,-~ C,H,+ Il. 


(2) 


The authors were able to evaluate the concentration of hydrogen atoms and propyl radicals in the system 
at $80°C, 


It {s known that the propy] radical decomposes into methyl end ethylene according to the scheme 


with an activation energy of about 28 kcal, fag 
The rate of formation of C,Hy, according to Reaction (3), is 


where (Cg Hy] fs the required concentration of Cy Hy; aaer is the rate of formation of ethylene calculated 


from the kinetic method equations; and K {s the monomolecular reaction rate constant, 
The concentration of C3H;, found in this way, Is equal to 10" tadicals/em*, 


The hydrogen-atoin concentration, determined from ®+--tion (1), was found equal to 10” atoms/en? 
with an activation energy of 5 kcal and the steric factor of 10°, 


Serdyuk, 
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‘FOREIGN SCIENTIFIC AND TECHNICAL NEWS 


A REACTOR WITH SODIUM AS HEAT-TRANSFER MEDIUM 
AND HEAVY WATER AS MODERATOR 


The Atomic Energy Conmmission of the U.S.A, has approved a proposal for the planning and construction 
of a nuclear power reactor with heavy water as moderator, sation as heat-transfer medium, and slightly en- 


tiched uranium as fuel (6). | 


Schematic representation of the reactor with 

_ sodium heat transfer medium and heavy water 
moderator, 

1) Thermal nnatattons 2) stainless steel tube; 
3) elements, 


It is stated that the ides for such a reactor is not 
new; it was first proposed as early as 1940 by a group 
of scientists at Columbia University, for the motor of 
a submarine, But at that time the difficulties of solving 
a dumber of serious technical problems relating to the 
construction of such a reactor, and also the high priority 
given to the work on development of the atomic bomb, 
pushed the development of a reactor of this type into 
the background [1]. In 1954 the Swedish corporation 
*Allmanna Svenska Elektriska® (Vastiras) took out a 
patent on a reactor of this type (2). 


The proposal to censtruct a reactor with sodium 
heat transfer medium and heavy water moderator was 
presented jointly by the concerns “Chugach Electric 
Association® and "Nuclear Development Cozporation 
of America® (3). It has been decided to build the 
*eactor In Anchorage, Alaska, and it fs to be put in 
operation In 1962, The electric power of the reactor 
is to be 10 megawatts, The exhaust steam can be used | 
directly for home and public heating, 


Besides other advantages, this reactor fs very 
sultab:e for operation in remote regions where the cost 
of other forms of energy is very high (for example, ia 
Alaska); the fuel used can be uranium with enrichment 


. to less than 1.5%, and the reactor can thus be an article 
of export to such countries (3). 


The renewal of the charge of fuel in the reactor 
hive = cartied out once every two years (1), so that the 
out of the U™ will come to 50%, and that of 
on n° to 25%, with a coefficient of plutonium 
breeding of 0.75 (3). It is assumed that the electric 


power obtained from this reactor will be cheaper than 


power developed by hydroelectric stations located in 
the same regions, which. at the present time costs 1 to 
1.2 cents per kwh, 
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With the further perfection of reactors of this type the cust of electric —~* can be brought down to 
0.7 cents per kwh, even for reactovs of clectric power less than 10 megawatts, 


Despite the fact chat reactors with sodium heat-transfer medium and heavy water moderator can operate 
on slightly enriched of natural uranium, which is very linportant for countries that do not have large facilities 
for separation of isotopes and production of fuel, they have the disadvantage that their use depends to a con- 
siderable extent on the availability of heavy water, For example, the cost of the _ water used by the U.S, 
Atomic Energy Commission comes w 28 dollars per pound, 


The work on the development of such a reactor will be carried out in three stages: first, research and 
schematic planning; second, rescarch and technical planning; third, construction stacting, and operation, 
After the comnpletion of each stage there will be a study of the results of the work and also the question of the 
feasibility of continuing it, For carrying out the first stage of the work, 2,225,000 dollars are being sought from 
the Atomic Energy Commission, The estimates for the later stages of the work (research, construction of the 
reactor, and also work on perfecting it after the completion of the research and construction) come to 18,325,000 
doilars, According to the agreement with the Commission, the firm "Chugach Electric Association® will pro- 
vide the site for the reactor, the turbogenerator with its auxiliary equipment, and the construction of the etait 
buildings. For these purposes the ccmpany proposes to spend 1,830,000 dollars (1). 


The main advantage of the reactor in question is that it combines the use of the best of all moderators — 
heavy water — and the best of all heat-transfer media — sodium, But despite the fact that each of these materials 
taken separately has been well studied, their use together in a reactor requires the carrying out of a considerable 
amount of research and development, The most serious problem is that of avoiding contact between the sodium 
and the water, which would bring about a violent chemical reaction, In water-sodium heat exchangers this 
danger can be reduced to a minimum by suitable precautionary measures, But the deformation of the fuelele- 
ments brought about by the formation of fission products in the active zone of the reactor, and also other causes, 
can lead to the breaking of the channels which carry the fuel, and along which the sodium flows, and to serious 
consequences, Nevertheless, methods exist for overcoming this difficulty also (1). 


The reactor takes the form of a vessel of diameter 240-320 cm, The heat deveioped in the moderator is 
removed from the reactor by the heavy water, which circulates through a heat exchanger, The fuel elements, 
1.8 cm in diameter, covered with stainless steel and collected into bundles, are cartied in vertical channels of 
stainless steel, 240 cm long. 


The sodium entering the reactor goes into the lower collector, passes through the tubes, and comes together 
again in the upper collectoe (diagram), The channels carrying the fuel are carefully isolated from the surrounding 
water, Each tube is also enclosed in thermal insulation, The tank of heavy water {s surrounded by a graphite 


reflector, which in turn is surrounded by a thermal neutron shield of fron 24 cm thick, The biological shield fs 
made of heavy concrete. 


In its specified dimensions this reactor fs even somewhat smaller than reactors of other wn, in spite of 
the fact that they operate on highly enriched nuclear fuel, ° 


The reactor also has other advantages; 1) the ability to operate on slightly enriched uranium, and, at 
electric power not below 50 megawatts, even on natural uranium; 2) the choice of power for the reactor does 
not involve essential changes in its construction; 3) the service span of the reactor is fairly long, and the en- 
richment of the fuel is insignificant; 4) there is no need to reprucess the irradiated fuel, since at the low u™ 
content and the high percentage of burning out the reprocessing of the fuel is not economic; 5) the possibility 
of attaining very high temperatures of the heat-transfer medium, which permit the use of up-to-date turbines; 
6) the lack of need to hold a high pressure in the reactor vessel, which lowers the cost of construction of the 
case and makes the servicing of the whole installation easier; 7) the use of heavy wate as moderator makes 
the reactor self-regulating because of the negative temperature coefficient of reactivity, Moreover, the re- 
gulation can be accomplislied also by varying the level of the moderator, 
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ELECTRONIC INSTALLATION SIMULATING THE PROCESSES IN 
ATOMIC ELECTRIC POWER STATIONS® 


In Erith (County Kent, England), at the atomic energy research laboratory of the firm *Simon-Carves® 
(a division of the "General Electric Company®), there has been installed the largest 2nd most highly developed 
electric model system of all those built in that country, to imitate precisely the processes in atomic electric 
power stations, This electronic machine, designed exclusively fer research in the field of nucleat power, is one — 
of the most important installations used for this purpose by the atomic energy administration of England, which 


is getting together in one center equipment for research, development, and testing, for the plan to construct 
Numerous atomic electric power stations, 


This modeling system will be used at first for the study of nonstationary processes occurring in atomic 
power stations, for exampl!e, as results of accidental emergencies, nd will also be used for the study of the 
operation of automatic control systems for the stations, 


General view of the electronic modeling apparatus, 


© Electronic Engr, 28, 944, 437 (1956), 
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The use of electronic analogue devices ma*es It possible to predict quickly and accurately the behavior 
of individual components of groups of componente in an atomic station without resorting to long and laborious 
calculations, As a simple example we can consider the change of power of the reactor brought about by a 
displacement of we control rods, ‘Determination by a series of calculations of the curve characterizing this 
change requires several days, By regulating the voltage on one of the sections of the modeling apparatus the 
electric circuits of the section can be affected in a way corresponding to the effect on the reactor, and the 
result {n the form of curves (drawn by an automatic tracer) fs obtained in a matter of several minutes, 


More coniplicated questions, relating to the interaction of several components of a power station, can be 
solved just as successfully, and the saving of time and labor can be even larger. 


The flexibility and potentialties of the moéeling apparatus have been the object of careful study aitng 
its development, so that the electronic machine rakes it possible to carry out researches relating to more 
highly perfected types of reactors (in comparison #ith existing reactors with gaseous heat-removal materials 
and graphite modulators), which at the present tinse are in the planning stage. , ; 


An outstanding characteristic of the apparat.2s {s the fact that it can be operated either as a single large 
machine or as two entirely independent smaller n:achines, The latter use permits the simultaneous study of two 


entirely different problems (if each does not requize the use - the whole machine), which provides a considerable 
economy in time. 


The modeling apparatus {s installed in a special room in which the air pressure is kept somewhat above 
that of the atimosphere by means of ventilators placed above a suspended ceiling. This precaution makes it 
possible to avoid the intrusion of dust from neigh-oring rooms into the electrical system of the machine, Along- 
side the apparatus room there {s laid out a workshop intended for the maintenance of the machine, the carrying 
out of minor repairs, and the testing of various corm ponents of the machine, In case of need this workshop can 
be used for the assembling and testing of various auxiliary circuits, 


Many time-dependent processes occurring Im an atomic power station last from fractions of a second up 
to several hours, Therefore the modeling apparat..s {s equipped with two continuously operating high-speed 
curve-plottng units, which provide curves from wich the nature of the course of these processes in time can 
be judged. In addition, each section of the mode!ing apparatus Is provided with an oscillograph, which can be 
used for selective study of the processes being simulated, 


It must be noted that the simulation of tinve-dependent processes on this machine can be cared out at 
various speeds, f.e., with different time scales, For example, the study of the power regulating system and the 
emergency stopping of a reactor fs of rnost value when run at actual speed, but th. study of slowly varying pro- 
cesses, for example, the poisoning of a reactor by xenon, can best be done with shortening of the time, 


The whole modeling apparatus consists of e!zht sections placed In the shape of the letter L, The control 
section is in the center (see picture), One of the sections simulates only processes going on in the reactor itself. 
The other six sections provide for the simulation cf the operations of heat exchangers, gas blowers, the reactor 

regulating system, turbogenerators, and other com zonents of an atomic power station, 


The apparatus contains 100 amplifiers corrected for drift and 20 blocks of servoampliflers, There are 84 
amplifiers such that each can be used alternatively a3 an integrating amplifier, an integrator, of a servoamplifler, 


For the Imitation of time lags two blocks are provided with a time delay of the output signal relative to the 
input signal, 


The installation was caried out by the nuclear section of tis on "Elliott seothent; the design was 
prepared jointly with the firm °General Electric Company.® 
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EXPONENTIAL EXPERIMENTS WITH NATURAL URANIUM AND HEAVY WATER® 


Exponential experiments on the system vraniuin-heavy water have been carried out in Sweden, A general 
view of the apparatus is shown in Fig. 1, Rods of natural uranium of diameters 2.00, 2.53, and 3.05 cm were 

immersed in heavy water. The interval of the hexagonal lattice was varied from 8 t0 18 cm. A Ra- a-Bencutron 
source of activity 1.6 curies was placed in the lower part of the tank, Two long counters filled with BF, were 
used to measure the decrease of the neutron Mux along the axis of the tank according to the law @ = @,e 7?, 


y 


Fig. 1. arrangement, 


1) Tank of heavy water; 2) uranium rod; 3) counter containing BFs; 4) cathode 
tepeater; 5) electronics unit; 6) Ra~Be source, 


. 


The Laplacian B® {s shown in Fig, 2 as a function of the volume ratio ts 
Ve 
the extrapolated radius of the tank; V,, is the volume of moderator; and Vy 1s the volume of uranium In a 


cell), In addition values have been calculated for the multiplication coefficlent k, the thermal utilization 


coeffictent f, and the square of the diffusion length for thermal neutrons, L’, The values obtained ate shown in 
the table, 


* K, Persson, E, Blomsjo, M, Bustraan, and K, Meler, J, Nuclear Energy 3,3, 188 (1056), 


2.00 8 16.26 2.79 13.79 7.00 59.2 1.1256 0.9841 
21.05 20.54 12.90 77.4 1.4581 0.9818 

10 26.20 20.88 12.34 8.54 96.8 1.1890 0.9793 

il 32.07 20.02 12.52 8.40 118.0 1.2053 0.9768 

12 38.42 20.95 12.85 8.10 142.0 1.2190 0.9737 

14 $2.75 21.01 13.9% 7.03 196.9 1.2304 0.9668 

2.53 x 0.75 20.72 17.66 3.06 39.0 1.9472 0.9862 
” 12.67 20.76 |. 14.88 5.88 51.4 1.0992 0.9846 

| $5.95 20.81 13.26 7.55 65.2 1.1395 0.9829 

il 19.57 20.85 12.55 8.30 80.99 1.1680 0.9809 

3 233.503 20.88 12.22 8.66 97.8 1.1918 0.9788 

14 32.49 20.94 12.67 8.27 936.7 1.2181 0.9738 

16 42.82 20.0 13.46 7.53 182.8 1.2352 0.9681 

3.1 in in 45.57 5.18 47.5 1.0343 0.9846 
i! 13.00 20.79 13.96 6.83 59.8 1.1244 0.9831 

12 15.81 20.83 12.75 8.08 73.0 1.1566 0.9814 

14 21.08 20.89 12.37 8.52 103.3 1.1928 0.9776 

16 20.00 20.95 12.72 8.23 139.0 4.2180 0.9731 

20.99 13.42 7.57 179.7 1.2334 0.9650 
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Fig. 2. The Laplacian for a hexagonal lattice of uranium 
rods of various diaineters immersed in heavy water, as function 
_ of the ratio 


From these data the effective number of secondary neutrons in the fission of natural urantum was found 
to be very # 1.311, and the value of the effective resonance integral was found to be din Jo, dE/Eegg = 1.34 
+ 32S/M (S is the area of the uranium and M {ts mass), 
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ON THE PROPERTIES OF URANIUM. 


There fs very little information in the literature about the properties of uranium, so that some recently 
published data® are of interest, although they are mostly of a preliminary character, 


1. The elastic modulus of the o-phase, determined from stress-deformation curves taken in eunnguentiits 


{is 9,14-11.24-10° kg/mm’. More recent determinations (Schoenfield, from experiments gave 
9.84-10.9° 


3. Compressibilities of the a- and B-phases. 


The compressibility of the a-phase, 20 e " bar at 


atmospheric pressure, was calcvlated from the formula where Op ~ 1000 -kg/cm*, According to other, 


possibly too high, data from measurements on metal not of *the highest purity,” of density 18.93 4 0.5 g/cm 


at 25°C, the compressibility of the a&-phase at 150°C fs equal to (2.5 4 *ay 10°*/bar and that of the B- 
phase at 200°C is equal to (2.3 2 1.0)+10°*/bar, 


3. Thermodynamic properties, 


a) Temperature rise in the transition alpha-beta: 


0.00073°C /bar at 1000 bars 
0.00102°C/bar at S000 bars (Spindler and Schoenfield) 


0.00105°C/ bar at 7090 bars (Bridgman), 
(linear dependence) 


b) Latent heat of the transition alpha-beta: 


calculated from the Clausius-Clapeyron equation: AH = 925 cal/gm 
determined calorimetrically: 4H = 985 cal/gm atom, 


¢) Specific heats of the a- and B-phases (Cp,from preliminary measurements; Cy, calculated). 
Alpha-phase at 25°C; Cp = 8.0 cal/gm atom; 
Cy = 7.3 cal/gm atom, 
Beta-phase at 160°C; Cp, = 9.3 cal/gm atom; 
Cy = 8.7 cal/gm atom, 


d) The surface tension, determined from radiography of a plutonium meniscus, {s equal to 100 dynes/cm, 


The value theoretically predicted for this quantity from other physical constants (piivate communication frora 
Taylor, Harwell) is 490-580 dynes/cm, 


BEHAVIOR OF PLUTONIUM UNDER CYCLIC HEAT TREATMENT 


In taking dilatometric curves of the cooling of onemtens one notes distinctly only the transition epsilon- 
dette; i.e,, the behavior of this transition fs anomalous, It has been studied** in Los Alamos and Harwell by 


Progress in Nuclear Energy (Pergamon Press, London-New York, 1956), Set. V, Vol. I, p. 382. 
“©¢ Progress in Nuclear Energy (Pergamon Press, London-New York, 1956), Ser. V, Vol. I, p. 379, 


repeated cyclic beatings throughout the entire region of the solid phases and by cyclic heating and cooling 
within the regions of stability of the individual phases, Certain important properties have been established: — 


1. The apparent densities of the § -phase obtained by heating avd by cooling are decidedly differe vt, 


2. Related to the difference of density there is also a difference of the apparent coefficients of expansion 
of the &-phase in heating and cooling. 


2, The lattice parameters of the § -phase determined from x-ray patterns of powder subjected to cyclic 
heat treatment did not show different values after heating and cooling aJ were usually in pum wath the 
“density of the § -phase as determined with the dilatometer during cooling. 


4. Cyclic t.cat weatuent with increasing cycles froin the temperature of the € -phase to low temperatures 
gives heating curves that return repeatedly along the path followed during cooling, if one leaves out of account 
the hysteresis of the transition temperatures, until the cycle extends to Cie gamima-beta transition, after which 
the heating curve becomes the nonnal one, 


5. Repeated cyclic heat treatment from room temperature leads to an increasing reduction of the density 
and to a distortion of the shape of the surface, which is due, as with uranium and other metals, to the phase 


transitions, In Los Alamos the observations showed lengthening and shortening of the enema depending on 
the size and direction of the cycles, 


6. If heating is stopped in the lower part of tie region of existence of a phase there is no change of 
dimensions while the temperature {s maintained constant, Heating and cooling of the §-phase under these 
conditions gives a coefficient of expansion extremely close to that found by x-ray studies, 


The hypothesis {s put forward that after being cast and passing thrvagh the phase transitions in the cooling - 
to room temperature the speciinens of plutonium contain microcavities 2nd also high temperature phases fixed 
in the cooling, so that the density is decreased, Microcavities arise for Hie most part in the cooling during the 
transitions between the complicated lattices of the y- and B-phases, The presence of microcavities and the 
reduction of their volume in treatment by pressure fs coafirined REPRE in the measurement of the 
elastic properties of plutonium by dynamical methods. On repeated heating the microcavities increase during 
the tansition gammma-delta, so that the expansion as shown by a dilator eter commonly turns out greater than 
would be expected on the basis of crystallographic measurements, Trarsitions from the & -phase into the 5°- 
and further into the €-phase involves changes between comparatively simple lattices, This can be favorable 
to the removal of microcavities, which will be assisted by *sintering® wi:ich Is to be expected at these relatively 
high temperatures, Certain indications of this phenomenon can be found In the dilatometer curves, since on 
the first heating the slope in the region of the €-phase is considerably Je=s than the slope on cooling, The slope 
on cooling gives a coefficient of expansion similar to that determined f:om x-ray studies and is found to be the 
same in repeated cycles in the delta-epsilon region both during cooling and also during heating. 


If the microcavities mostly disappear in the epsilon phase, then it is understandable that cooling from the 
€ - phase to the gamma-beta phase transition proceeds on a reversible pa close to that a to 
crystallograpi..c data, . 


There fs agreement between these ideas and the fact that the exp2asion of pluton{um on heating differs 
decidedly from specimen to specimen and even in different experiments with one and the same specimen, Such 
behavior can be expected because of differences in the grain structure a“J the influence of impurities, The 


behavior during cooling is more uniform, although it is still subject to the observed residual deformations of 
the surface, 


An actual compression of the -phase during heating can lead to Ce closing up of the microcavities that 
have opened in the gamma-delta transition and can thereby increase the negative coefficient of expansion, 
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LOWERING OF THE STANDARD OF OCCUPATIONAL EXPOSURE TO 
RADICACTIVE RADIATION IN THE U, S, 


After prolonged study a nattorial committee on pro dler.s of protection from radiation of the Nation-i 


Bureau of Standands of the U.S.A, on December 8, 1956 a' opted new allowable a of occupational ex- 
posure to tadivactive radiation, 


The new standards limit the occupational exposure in industry to an average of 5 roentgens per person 
during a year and to approximately 230 roentgens during one*s working life (up to the age of 70); this corre- 
sponds t one third of the allowable duse accepted at the present time, These new rules will be introduced 


into the procedures used by the Atomic Energy Conimission and by atomic Industry in the planning of factortes 
and tie setting of working conditions, 


In his report at the winter meeting of tre Ametican Society of Atomic Energy, Taylor, the chairman of 


the committee, emphastzed that so far as it is a question of effects that can be observed ir. the individual him- 
self, the present allowable inaximia appear to be safe ones, . 


But as a further measure of precaution against effects that may go unobserved — such a3 peatite unnoticed 
_ decrease of the duration of life of the individual himself, and genetic damage capable of being transferred from 


generation to generation — it was decided to lower the standards by two thirds as applicd to the whole i 
of a person, 


The main purpose of the lowering of the allowable dose is to Qneneeee the irradiation of a person during 
his most productive years (from the genetic point of view), At the same time these new tules, which assure 
complete protection to the individual, must not hinder the development of atomic industry, and small departures 
from them should not influence the continuance of work by an individual in a given field, 


Proceeding on the assumption that in the U.S.A, a person may enter work in an atomic Industry at the 


age of eighteen years, the committee has developed formulas for determining the allowable cumulative level 
of radiation for a person of a given age; 


(n— 18) roentgens, 


where n {fs the person's age, 


Although this dose increases with the age, teaching 260 roentgens at 70 years of age, it fs intended in the 


new rules that the maximum irradiation during a year must not exceed 15 roentgens and the average irradiation 
over the whole period of work must not exceed 5 roentgens per year. 


The question of allowable doscs arises only in relation to people who are occupationally a with 
Radiation, It is assumed that in the U,S,A, such people do not number more than 500,900, f.e., 0.33% of the 
whole population, Nothing is said in the new rules concerning questions connected with radioactive fallout 
from hydrogen bombs or with maximum allowable levels of irradiation for the whole population, 


In the general opinion of scientists the maximum exposure to radiation for the whole popelation must be 
considerably lower than the occupational maximum, 


The allowable level of occupational exposure to radiation effective at present In the U.S.A, 180.3 
roentgens per week “during the course of the whole period of work.® At such a level a person could receive 


during 40 years of work a dose of radioactive irradiation of 600 roentgens, According to the new standards 
this dose fs lowered to 200 roentgens, 


* Communication of the agency United Press from Washington, December 10, 196, 


DATA ON THE CONTAMINATION OF THE EARTH'S SURFACE 
BY RADIOACTIVE FALLOUT® 


The Atoinic Energy Commission of the U.S.A, has organized a broad network of stations for observation 
of radioactive fallout. Tests are catrled on at 83 stations, including 26 stations in the territory of the U.S.A, 
The present communication summarizes the data obtained in the U.S.A, and abroad in September, 1985. 


The full set of data frou the control stations make it possible to give an estimate of the total surface 
contamination by a mixture of f2g™ents and in particular by (in square mile) and 
of the total dose of y -radiation (in millirads) from tadioactive dust, 


The data on the total contzmination by fission fragments on January 1, 1956 are shown on the schematic 
chart of the world (see diagram). 


. Map of the distribution of contamination by mixed fission products in the 
vicinities of the control stations on January 1, 1956 (in millicuries per square 
mile). 


As could be expected, die largest amounts of fallout of fission fragments were observed in the region of 
Nevada and in the test region in the Pacific Ocean, The greatest amoum of deposition out of all those registered 
(Grand Junction, State of Coloradv) amounted on January 1, 1956 to 740 mitlicurics per square mile. At all 
other places the values were lower, with the most intensive fallout (290 millicuries per square mile) registered 
at Iwo Jima in the western part of the Pacific Ocean. The smaltest values — 33 millicuries per square mile — 
are found in Lages, Nigeria (Africa). The distribution of mixed fission products is characterized, with some 


slight exceptions, by a high degree of nies in s given region, and the findings at neighboring stations do 
not differ by more than £50 % 


© Selence 1956, 3215, 251. 
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Contamination with Se outside the borders of the U.S.A, ranges from 1.8 millicuries (Peru) to 24 milli- 
curles pes square mile (Iwo Jima), In the U.S.A, they range fron) 2,1 (San Francisco) to 23 millicurles (Salt 
Lake City). For most regions where the network of stations exist one can take for the average a:nount of de- 
position of 2-5 millicuries per square mile, 


The averaye values of the y-ray dose in the U.S.A, are higher than in other parts of the world, The 
range of these values for the U.S.A, Is relatively narrow, from 6 to 49 millirads, with the exception of Salt 
Lake City (160 millirads) Grand Junction (120 millirads) and Albuquerque (110 millirads), The typical dose for 


the Eastern States of the U.S.A, {s fron 15 to 20 millirads with somewhat —_— values in the Middle West 
amd somewhat lower ones on the West coast, 


The total y-ray dose at points outside the boundaries of the U.S.A, ranges froma 4 to 23 miilirads with 
the exception of sonie Pacific islands where it reaches some 150 millirads, 


Since Se™ Is produced by the decay of Kr™, an inert gas having a half -value period of 33 seconds, part 
of it is formed at a relatively late stage of the existence of tie fireball. The relative content of Sr™ in the 
dust particles varies, in particles settling not far foi the place of the explosion, Se is present to only half 
the proportion that it occurs in particles settling at great distances, 


The estimate of the size of the y-ray dose, like the estimate of the ss was made by calculation on 
the basis of data on the fallout of mixed fission products, It must be noted that the assumption on which the 
calculation of the y-ray dose js based can lead to somewhat overestimated values, The stated quantities do 
Dot take into account the effect of screening and the influence of weather ccnditions (blowing away, washing 

— out, etc.) which are not subject to quantitative treatment, For city populations the actual dose must be con- 
siderably reduced on account of the fact that substances falling to the surface were soon washed off into the 


gutters and the sewage system, For this reason it is very likely that the actual dose for a city men does 
Not exceed 10% of the values obtained here, 


The rural population {s less protected by buildings and does not have the advantage of the removal of 
contamination by the sewage water, Nevertheless the actual condition of things never corresponds to an infinite 
level surface, which has been assumed in the calculations, and some reduction cf the dose occurs here too 
because of the unevenness of the surface, the plowing of fields, and also by other factors, 


In estimating the average dose of y-radiation per individual of the world's population one can take the 
value of 10 millirads for the last four years, This quantity Is very small in comparison with the dose of y- 
radiation received by the population of the whole world from natural sources of radiation which comes to a 
value of the order of 75 millirads per year or 300 millirads for the 4 years, On this basis the dose of y -radiation 
from radioactive fallout amounts to 3 %of the average y-ray dose from natural sources, Thus, even the maxi- 
mum theoretical dose from fallout in the given time amounts to only a negligible fraction added to the dose of 


7 -tadiation received because of natura! radioactivity, and this slight addition {s much smaller in amount than 
the fluctuation of the natural background, 


The deposition of Sr™ in significant quantities can be compared with local natural deposits of radium, 
with which strontium has much in common in its chemistry, In the upper layer of soil of thickness 30 cm sadium 
is present in quantities of approximately 1000 millicurles per square mile, This radium, like other elements, 

Is eqns by — organisms, The organism of an adult inhabitant of the U.S.A, contains approximately 
10% microcuries of radium, This quantity amounts to 1/1000 of the maximum admissible content of radium, 


which {s equal to 0,1 microcurie and less than 1/10,000 of the quantity which can produce injury to a human 
being. 


Naturally occurring radium and the Sr™ contained In radioactive fallout are somewhat different in their 
properties, and this cvn influence their capability of passing from the soi! into biological systems, One must 
however note the insignificant proportion of Sr™ in the soll in comparison with radium, and in particular in 


comparison with the very large concentrations of tadium in some places, which nevertheless appear not to be 
dangerous, 


A more direct method of estimating the values of Se™ fallout consists In measuring the amount of this 
Isotope not only in the soil but also in vegetation, animal organisins and food products, The concentration of 
this fsotope in food depends on the content of calcium, so that {t can best be expressed by the activity of the 
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pet From these it has beeu that milk in the U.S.A, at the beginning of 
1:66 contained shout 3 micromictocuries of Se™ per gram of calcium, The ustally accepted value for the 

maxinwin permissible content In the skeleton of an aduit human being is 1 microcurie of Se, The skeleton 
contains approsiinetely 1000 g oof calcium; dius the maximum pennissible concentration must be 1000 micro- 
mictocurles per pram of calcium, which exceeds by a factor of 350 the present observed concentration in milk. 


Accueding to data from the National Academy of Sciences, studies made on children show a measureable 
content of radivactive strontiun in the organism, Rut the amount of it {s entirely negligible — about 1/1000 of 
that which is accepted as the maximum permissible dose, . 


BRIEF REPORTS 


U.S.A. The firm *Martin Company® is building in Baltin:ore (State of Maryland) a portable reactor of 
power 1000 kw. for the Dominican Republic, This reactor, weighing 9.6 tons, can be packed, for transportation 
to the place of asseinbly, into eight aluminum containers (the largest of these is of dimensicns 2,7 x 2.7 x 9 m). 
The assembly of the reactor requires not more than 4 days, As fuel the reactor uses 5000 ring-shaped fuel 
elements of slightly enriched uranium; the heat-transfer medium is water, (Engineer 202, 5261, 753, 1956), 


U.S.A, The assembly of the Ariny’s portable power reactor (Atomic Energy No, 1, 1139 1956) is being 
completed at the construction site in Fort Belvoir (State of Virginia), The radiation shield has already been 
assembled and also the turbo-generator and the condenser; the radiological testing for defects in the welded 
seams of the protective case of the reactor has been completed and equipment has been set up for building the 
secondary heat-removal circuit and for welding the seains, The reactor tank and the pressure regulator for the 
circuit are being built by the firm *Alco® in Dunkirk (State of New York) and the active zone of the reactor is 
being constructed in Oak Ridge, It is expected that the reactor will be brought to the critical condition by 
March, 1957, After the reactor has been tested at various powers the operation at full power is intended to be 
begun in July, 1957. (Nucleonics 14, 8, R-11, 1956; Nucleonics 14, 9, R-9, 1956). 


U.S, A, The Westinghouse Company has developed a method of visual observation and study of the 
pattern of mechanical stresses arising from high pressure in thick-walled steel jackets to contain reactors, 
Because of the presence of a large number of inserts, flanges, tubes, etc., the pattern of distribution of mechanical 
stresses In such high-pressure vessels fs complicated, and to make a complete calculation of these stresses for 
such containers is very difficult, The proposed method makes {t possible to observe these stresses og It 
is based on the use of an opticat method of investigating stresses in models made of a special plastic, (J. of 
Colliers 5, 11, 1956). 


U.S.A, In one of the laboratories of the *National Carbon® cor :pany (Parma, State of Ohio) there has 
been developed a method for *welding® graphite, This method is based on the use of high pressure to prevent 
the vaporization of graphite when heated to high temperatures, The *welding® of the graphite makes it nossible 
to prefabricate the parts of a graphite moderator for a nuclear reactor, which at present are assembled from 
separate and disconnected graphite blocks, (Science News Letter 70, 13, 199, 1956), 


U.S.A, In the course of experiments conducted in one of the laboratories of the Navy Department a 
temperature exceeding a million degrees Celsius has been attained, This research is regarded as a contribution 
to the problem of using reactions of synthesis for peaceful purposes, since for the production of a controlled 


synthesis reaction temperatures of this order are required (communication of the agency °France Presse® 
December 4, 1956), 


England. The company °General Electric” has announced Its intention of constructing for the power 
administration of southern Scotland "the most powerful atoniic electric station in the world, 
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The station will have two reactors of the Calder Hall type. The gencratoes at the station will have a 
total power of 260,000 kw, of which 40 to 6 thousand kw will be used for the requireinents of the station itself, 
The saving of coal resulting from the introduction of this station will amount to one — tons per year. 
(Communteation of the agency TASS froin London), 


Finland, Arkki Aalto, the president ‘of a Finnish company for seit power, hes announced that by 
1960 there will be constructed in Finland an atomic reactor, and that negotiations have already begun with 
England and the U, S, A. The company fs mainly interested in obtaining steam for die paper industry. A 
sinflar interest {s alx» being expressed {n such countries as Norway, Sweden, and Canada, where the timber 
working Industry plays a prominent part in the economy of the country. (Nuclear Engineering 1, 7, 310, 1956). 


France, The french transatlantic company French Line® has announced its plans to construct by 1960 
a transatlantic passciger steamer °France® of displacement 55,090 tons (speed 30 knots), The _ engine room of 
this vessel will be planned to include the replacement of 8 steam boilers by nuclear reactors, in case economical 
ways are found for using atomic energy for ocean transport, (Nucleonics 14, 9, R-11, 1956). . 


Japan. The mitnistry of transport of Japan is planning to construct by 1966 two atomically driven vessels 
of power 20 to 90 diousand horse power, One of the power plants will be constructed in Japan and the second 
will be obtained from abroad. (Nucleonics 14, 9, R-11, 1956). 


4 
A 
= 
we 
4 
big Ei 
“a 


NEW LITERATURE 


Books and Collections 


Balabanov, E,, The Sun on the Earth, What Atomic cue is and tee it {s of Service to — 
Young Guard Press, 1956, 293 pages, 5 rubles 65 kopecks, 


Balabanov, M., and Goldansky, B.1., Thermonuclear Reactions, Knowledge Press, 1956, 63 pages, 
1 ruble 20 kopecks, 


Baranov, V. 1., Radiometry, Second edition, corrected, Acad. Sci, USSR Press, 1956, 343 pages, 20 rubles 
60 kopecks, 


Voskopoinik, D, I., Nuclear Energetics, State Technical Press, 1956, 168 pages, 2 rubles 65 kopecks, 


Goldansky, V. I, Nuclear Reactions and Methods for Producing Them, Knowledge Press, 1956, 40 pages, 
60 kopecks, 


Kondratyev, V, N., Scientific Results of the International Conference on the Peaceful Uses of Atomic 
Energy, Knowledge Press, 1956, 32 pages, 60 kopecks, . 


Kotlyar, V, N, et al., On the Raw Materfal Situation of Uranium in Capitalistic Countries and Methods 
of Exploratory Work for Uranium, Ed, V, N, Kotlyar, Acad, Sci, USSR Press, 1956, 59 pages, 2 rubles 88 kopecks, 


Lebedev, I., Atomic Energy — for the Good of the People, State Political Press, 1956, 78 pages, 70 kopecks. 


Measures for Improving Working Safety and Safety Procedures in X-Ray and Radivlogical Offices and 
Laboratories of Medical Establish:nents of the mneamured SSR eee State Med, Press of the Ukrainian 
SSR, Kiev, 1956, 39 pages, no price, 


Mirzabekyan, E.G., A Radiometer for Studying the Polarization of Radio Waves of Wavelength 3,2 cm. 
Cominunications of the Byurakansky Observatory, No, 19, Erevan, 1956, 63 pages, 3 rubles, 


The Application of Atomic std for Peaceful Purposes, Acad, Sci, USSR Press, 1956, - pages, 2 
tubles 20 kopecks, 


Stephenson, Introduction to Nuclear tonne Trans, aun English by Yu. V. Semenov and M, G, 
Tsimmerman, Ed, D. L, Voskoboinix, State Tech, Press, 1956, 536 pages, 15 rubles 75 kopecks, 


Tishkin, P. A., Some Experimental Methods of Nuclear Physics, All-Union Society for the Propagation of 
Political and Sclentific Knowledge, 1956, 36 pages, 75 kopecks, 


Trifonov, A., Atomic Energy — for the Service of Man, Pravda Press, 1956, 119 pages, 2 rubles, 


Articles 


Ado, Yu. M., and Cherenkov, P. A., "Distribution of Energy in the Spectrum of the Incoherent Radiation 
of Electrons Moving in a Synchrotron,” Proc, Acad, Sci, USSR 110, 1(195€) — 


Aladzhalova, N, A., On the Measurement of the Very Slow Rhythniic Variations of Potential of the 
Brain Under the Influence of lonizing Radiation,® Biophysics (USSR) 1, 7 (156), 


~ 
: 
4 


Antonova, 1. A., Study of the Spectra of the Conversion Electrons of the Isomers Ba™? °, in!®°, and 
In" * tn a B-Spectrometer by the Use of Thick-Enulsiun Photographic Plates,* Bull, Acad. Sci, USSR, Phys, 
Ser. 20, 8 (1956). 


Arzhanykh, 1, S., "On Coupled Systems of the Meson Fleld,® Proc. Acad, Sci, USSR 110, 3 (1956). 


Burgov, N. A., and Danilyan,G. V., *Study of the Spectrum of y -Rays from the mage of Neutrons in 
Na®™ and Th™*,* Bull, Acad. Sci. USSR, Phys, Ser. 20, 8 (1956). 


Vinogradov, A. P, et al., "Isotope Ratios S**/S*™ in Sulfides,* Geochemistry (USSR) 1956, No, 4, 


Vitkevich, V. V., and Sigal, M, 1.,*On the Radio Radiation from Corona Condensations,* Radio Eng. 
and Electronics (USSR) 1, 6 (1956). 


Goldin, L. L. et al., *Higher Rotational States of Certain Nuclei, The Intensity of a-Decay to 
Rotationally Excited Levels,” Bull. Acad, Sci, USSR, Phys. Ser, 20,8(1956) . 


Gorokhov, Yu, V., "Observation of Hydromagnetic Resonance of Electrons in a Disintegrating Plasma,® 
Radio Eng, and Electronics (USSR) 1, 6 (1956), 


Delyagin, N, N.et al., *Study of the Hard y -Radiation of by Means a Luminescent Spectro- 
meter,” Bull, Acad, Sci, USSR, Phys. Ser, 20, 8 (1956). 


Zaikovsky, F. V.."Colorimetric Determination of Niobium and Tantalum in Ores,” J, Anal, Chem, (USSR) 
11, 5 (1956), 


Isakov, A. I., "Atomic Energetics,* Science and Life (USSR) 1956, No, 10. 


Kaliteevsky, N. 1., and Chaika, M. P., *The Ratios of the Magnetic and Quadrupole Moments of the 
Nuclei. U™ and U™,* Optics and Spectroscopy (USSR) 1, 4 (1956). 


Kapustinsky, A. F., of Atoms and Ions of Transuranic Elements in Crystals, Crystallography 
(USSR) 1, 4 (1956). - . 


Kartuzhansky, A. L.*Regression of the Latent Image Produced by the Action of Ionizing Particles,* J. 
— and Appl. Photography and Cinematography (USSR) 1, 5 (1956). 


Kirpichnikova, N, I, et al., “Effect of lonizing Radiation on Marrow Cells in Mice,* J. Gen, Biology 
(USSR) 17, 5 (1956), 


Klassen-Neklyudova, M, V., and Urusovskaya, A. A., “Effect of an en Stressed State on the 
Mechanism of Plastic Deformation in Halides of Thallium and Cesilum,* Crystallography (USSR) 1, 4 (1956). 


Kolbanovskaya, A. S., *Application of Luminescent Microscopy and Radioactive Isotopes to Determine 
the Degree of Covering of the Surface of Minerzl Particles by Bitumen,® Colloid J, (USSR) 18, 5 (1956). 


Korshunoy, I, A., and Lebedeva, Z. M., “Isotope Exchange of Iron Atoms in Prussfan Blue,® J. Inorg. ; 
Chem, (USSR) 1, 8 (1956) 


Kurshakov, N, A., "General Pathological Characteristics of Radiation Sickness,* Soviet Med, 1956, No. 9. 


Lavtik, V. Ya., °Some Experimental Data on the Application of Alcohol-Glucose-Citrate Blood in 
Radiation Disease Therapy,* Med, Profession (USSR) 1956, No. 10. 


Leshkovtsev, V., °The Atom Serves the Cause of Peace,® Agitator (USSR) 1956, No, 3. 


Luchnik, N, V., °On the Influence of Fractionation and Power of Dose on the Cytological Effect of 
Irradiation,” Biophysics (USSR) 1, 7 (1956). 


Manskaya, S, M, et al., “Binding of Uranium by Humte Acids and Melanoldenes,” cussay 
. 1956, No, 4, 


Naumov, G, B,, and Tobelko, KL, "Some Experiments on the Artificial Synthesis of Pitchblende,® 
Geochemistry (USSR) 1956, No, a, 


Orlov, V., *Atcmic Russia, Impressions,® Our Contemporary (USSR) 1956, Books 2, 3, 


J 
< 
ie 
. 
: 
: 
aa 
. 


Paramonova, V. L, and Kolychev, V.B,, "Study of the State of Radion*obium in Nitete Acid Solutions 
by the Method of lon Exchange and Italysis,* J, Inorg. Chem, (USSR) 1, 8 (1956). 


Paramonova, V, L, and Voevodsky, A. S., "Study of the State of Zirconium in Sulfuric and Nitric Acid 
Solutions by the Method of Ion Exchange,* J. Inorg, Chem, (USSR) 1, 8 (195°), 


Pataleev, A, V., *Atomic Energy — in the Service of ened From the pages of in Atomic Energy (USSR), 
Far East, 1956, No. 5. 


Pozdnyakov, A, A., “Chermatagnghita Separation of Radioisotopes of the Elements of the Yttrium Group 
Produced in Spallation of Ytterbium and Uafnium by High-Energy Protons,” J, Anal, Chem, (USSR) 11, 5 (1956), 


Pchelkina, V, A,et al., *Thermographic and Roentgenographic Study of the Processes of Dehydration of 
the Hexaniobates of Certain Bivalent Metals," J, Inorg. Chem, (USSR) 1, 8 (1956), 


Ryzhanov, S,G., °On the Shell Structure of Atomic Nuclel,* Sci. Repts, Kishinev Univ, (USSR) 24 (1956), 


Segre, E., °On the Anti-Proton,* (Report of the Professor at Univ. saan Bull. Acad, Sei, USSR 
1956, No. 10, 


Smirnov, M, V., and Ivanovsky, L, E,, “Interaction of Thoric Oxide with the Chloride in Fused Salts,* 
J. Inorg. Chem, oy 1, 8 (1956). 


Spitsyn, V. Let al., °Use of Sodium schespiieeatnitatinanntans (Tryton B) in the Determination of 
Radium Emanation,® J, Inorg. Chem, (USSR) 1, 9 (1956). 


Khenokh, M, A., and Lapinskaya, E, M., ®Action of the y-Radiation of Radioactive Cobalt (Co® ™ 
Proteins and Amino Acids,* Proc, Acad, Sci, USSR 110, 1 (1956). 


Hofstadter, R,, *The Atom Is Inexhaustible,” (On the achievements of scientists at Stanford University 


in the field of research of the structure of the atomic nucleus, Report of the American scientist) amen, 
and Youth (USSR) 1956, No. 10. 


Shukarev, S, A, et al., %On the Reduction of Thorium Tetrabromide by Hydrogen,® % Inorg. Chem, 
(USSR) 1, 9 (1956), 


7 
. 
. 
° 
. . 
i 
! 
. 


